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SUMMARY

This report describes progress on the analytical portion of
project number DACA-T3-68-C~002 for the period 1 April 1969 to
31 December , 1971.

The static SLAM finite element code was extended to include
Jointed systems with elastic-plastic mechanical characteristics
satisfying a variety of possible yield criteria. The results indicated
that

1. The two-dimensional static SLAM code for plane Jointed

systems could predict the response of such systems to imposed
loadings when the system and loadings were properly
characterized.

2. Predictions of displacements around excavations in

natural jointed rock masses deviated from measured values.
Reasons for this included both difficulty in correctly
determining displacements in rock masses in the field

as well as discrepancies between the simplified
representation of natural conditions and the conditions
themselves.

3. It was not practicable at the present time to carry out

a three-dimensional finite element representation of

excavations in natural jointed rock.
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SECTION 1 - INTRODUCTION

1.1 - Introduction

This report describes the snalytical portion of project no. DACA-T3-
68-C~0002 for the period 1 April, 1969 to 31 December, 1971. As a part of
the total effort to determine if the element method analysis will permit
;} 2diction of safe spans for existing and proposed underground openings,
it was the objective of this portion of the project to extend the continuum

model for underground openings, employing the finite element method to

consideration of the rock mass as e two-dimensional jointed medium, in
order to improve prediction of stresses around and displacement within

underground openings. Three-dimensional effects were considered also.

1.2 - Outline of Progress

Accomplishment of this objective is described in the followirng sections.
These sectiong consider the following arees of progress:
1. Modification of the existing continuum static SLAM Finite
Element Code to incorporate direct consideration of Joints
and Joint systems normal to the plane problem.
2. Comparison of analysis with experiments conducted on a small
scale jointed model of a simulated rock system.
3. Results of analysis of an underground opening considering the
influence of the observed Jjoint systems, and preliminary
comperisons with measured displacements.

4, Consideration of extension to three dimensions. ?
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SECTION 2 -~ MODIFICATION OF STATIC SLAM CODE TO INCCRPORATE JOINTS

2.1 ~ Review of Static SLAM Code

The static SLAM (Stresses In Layered Arbitrary Media) Code was

developed for finite element analysis of large systems of continuous media.

An outgrowth of the code for dynamic problems developed at IITRI by

Costantino (1966, 1968) and Wachowski and Costantino (1966), its saliant

features are described by Perloff (1969).

Tha Static SLAM Code is characterized by & number of features which

distinguish it from other available codes. These include:

l.

3.

The code conteins an algorithm for renumbering the nodes so that
the minimum band width of non-zero terms within the stiffness
matrix results. This leads to an eflicient operation, especially

for large problems. Furthermore the user is able to number node

points arbitrarily. Details are discussed by Wachowski and
Costantino {1966).

A non-linear displacement field is assumed for rectangular
elements, 80 that where rectangular elements can be incorporated
in the geometry, fewer elements are required io represent the
problem (Costantino, 1966).

The constitutive laws used in the code are contained within a

material "catslog” and new constitutive relations cen be added

without modifying the basic code.

Revised solution procedure

Twr, revisions have been incorporated in the solution procedure

for the code to reduce computer time:

.
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1., The initicl elastic solution is obtained by direct eli. .nation
of the node point equilibrium equations, raéher than by iteration
as in the earlier version of the code (Perloff, 1969).

2. :n over-relaxetion i1actor is incorporsted in the iterative
»redrr-e fo. “etermining the .Lode point displecements when
a’~ wp sy~ 4 ontinuu. is behaving in a non-linear fashiop.
Whei it is . ! '=nined that the yield point has been exceeded in
one or more elcments, the applied t.undary loadings and disﬁlace-
ments . : reduced until all elements are acting in the elastvic
range. The . .meining nonlinear part of the solution is carried
out in a series of small steps, by increasing the applied loads
or displacements in increment until the final loeding condition
is reiached., At each increment the node point displacements and
loads are determined and added to those from the previous
increment. For each nonlinear increment the initial trial
solution for the iteration is the displacement field obtained
from the pravious increment. For the first nonlinear increment,
the 2lastic golution is used as the initial trial solution.
The system equilibrium equationg for the nonl’near increment at

each node are:

[K1{aU} = {aR} + {AR"} (2.1)
in which [K] is the stiffness matrix of the continuum composed of the
assembled elements, calculated by adding the stiffnesses of all elements
in the system, 1AU} are the node point displacements, {AR} are the '
applied node point loads and {ARN} are the incremental nonlinear

correction terms in the s 'plied node point loads. The error at esach

K.
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. stage of the iteration process is then

Ny

) = (kHav} - {oR)} - {sR (2.2)

in which the superscript i indicatés:the 1*® iteration. The dis-

placement increment for the (1+1) increment is then

| 10 St 1) Y A (2.3)
) ' 1.1 'n
vhere Km is the main diagonel stiffness at node m, and o is the. over~

relaxation factor. The iteration process i3 carried out until the

specified alloweble error is reached at each node,
1

' 2.2 ~ Behavior of Joints

Most natural rock contains more or less planar surfaces across wnich
| .
the rock 'has separated at some time in the past. Such defects, called

Joints, commenly cccur as approximately parallel multiple surfaces spaced

.from fractions of an inch to meny feet apart. Systems of joints frequently

intersect so that a large rock massa may contain many such families at

veriouz spacings and orientsations., It is generally recognized that the

‘mechsnical behévior of masses of rock is influenced stromgly by the presence

of Buch Joint sysiems, along with other geologic defects; and this hes
been denonstrated by field observations end laboratory experiments (Obert,
1967; Rosenblad, 1571).

Joints mey be clean surfaces of separation, or they may be filled with

I variaty of materials. Somsiimea Joints éontain precipitates, such g3

valcite or chlorite, wﬁich may have a strength approximstely the same ay
that of the naturel rock and which may serve es cementing agents to impert

tensile resistance horaal to the joint. Othe} filling meterials sach as

clays, leai %0 joints which &re much weaker than the intact rock. In the
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case of unfilled joints, the rock on either side of the joint is frequently
altercd to a weaker, cr less stiff form by chemical and/or mechanical action.

Netural joint surfaces are rarely smooth., Even when they are approxi-
mately pianar, they contain asperities which impart roughness to the joint.
The role of these asperities in the shearing resistance along joints is a
function of the magnitude of the pressure normal to the joints (Patton, 1966).

Because of the approximately planar nature of most joint systems it is
useful to describe the mechanical behavior of joints in terms of stresses
and displacements normal to and parallel to the joint surface.

The relationship beiween the average shear stress applied to a joint
and the shear displacement, or strain, corresponding to & given normal
pressure ¢an be idealized as shown in Figure 2,1, That is, the joint
deforms in a more or less linear way until the yield, or peak strength is
reached. Further displacement occurs at & shear stress magnitude equal to
that of the residual strength. The residuel strength is usually equal to
or less than the peak value.

The magnitude of the peak strength has been commonly described

in terms of the normal stress on the joint by the conventional two-dimensional

Mohr-~Coulomb criterion

T, = ¢ + O tan ¢ (2.4)

in which T, is the shea: stress on the Joint at failure, c is the magnitude
of the peak stress at zero normal pressure on the joiat, 0f is the normal
pressure acting on the join’, end tan ¢ is the slope of the shear strengih

envelope illustrauted in Figure 2.2a. Recent evidence, (Patton, 1966,

Rosenblad, 1971) suggests that a bilinear relation for the peak s:.cess,
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with Lower Residual Strength

Figure 2.2 - Yield Criteria for Joint Elements
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as illusirated in Figure 2.2b is more appropriate,

T, =c+ 0, tan ¢, , Oe < Ocien (2.%a)
Te =+ Oguentan by * (of-cswch)tan % » C¢ > Oguch (2.5v)
in which © is the normal stress at which the bilinear failure envelope

swch

changes slope.

The residual shear strength relation, also shown in Figure 2.2b is

= ¢ +
Tf res of
res

tan ¢res (2.6)

in which the subscript (res) denotes the residual shear strength parameters.
Whi“e Figure 2.1 and Equations 2.5 and 2.6 constitute a somewhat

ideali-ed depiction of the observed behavior of natural and artificially

created joints, the difficulty of testing insitu joint behavior and the

; variability of results (Geoodman, 1969) suggest thet the above descriptioﬂ

is sufficiently detailed at the present time,

2.3 - Joint Elements

E In the Static SLAM Code Joints are characterized as rectangular

5 elements of zero thickress., This is illustrated in Figure 2.3 which shows

8 rectangular element of length a and width ® in the plane of the page.

The Jjoint is dgscribed by such an element in which the dimension b approaches
1 zero so that node points i and £ have the same coordinates, and node points

5 and k have the same coordinates. An elongate joint is then made up of a

series of such Joint elements to which suitable elastic-plastic prorerties

have been assigned.
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The stiffness matrix 'for the Joint‘elementb is derived by deiermining‘

PETETRIORY

Lo e iy

' the stiffness for a rectengulér Joint in terms of the width b and then

A S 0

1 allowing b to approach zexo in the limit. That is, an equivalent 'strain,

H
| :

{e'} is defined as

TYRA

(L AIARTLEN st ain,

{e'} = vle} (2
! ' ' T '

'+ 1in which {€} i1s the appropriate strain vector. The stresses, {g} are
' i H '

i
Chion B0 i b A r b

o} = ('] (e - (2.8)

! . where \ ' . ‘
. cl=2(cl ' (2.9)
‘ 1 I 1 l
und {C] 15 the matrix of elastic constants. ’
|

Imposing a set of virtual nodal displacements {Suv}, the equivalent

TRV

strain is related to the virtual node point Qiaplacements by

‘ © {6e'} = v[A] {8u} = [a'] (& ’ (2.10)
where the matrix [A) is deterhined from the definition of the strain

cumponents andithe assumed displacemeﬁt field for the element. The internal

!strain energy Gﬁi developed by:these displacements is .

oW =3 [ {62')7(o} av . | (2.12)
1 ' v

}n which the superscript T'denotes ths transpose of the matrix and the
2-- ' ' integration is teken over the volume V.of the' element. The correspohding
.gz - external work dome by the node point resisting forces during thé virtual ﬁ

Y
i ' H

y displacement éwe is
ow, = {8ul’(s} T (2ae) 1

in vhich {8} is the vector of node point forces for the alsment. 3

10 |
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Invoking the principal of virtual work, expressions 2.1l and 2.12

are equated. Substituting Equation 2.10 into the result yields
{6u}T{s} = 6"} o av

1
5 ]
=%— \Ir {Gu}T[A']TOdV (2.13)

Or, solving for the node point forces,

{s} s%— ‘f’ (a'1% av
=2 [ alTlcrlar)av fu) (2.14)
v
This can be written
{s} = [k] {u} {2.15)

in which the stiffness matrix (k] is
kl= [ 2aTerdayw (2.16)
v
¥oen the rectangular element is & joint element, the stiffness is
then

= 1im (k] (2.17)

[k]Joint b0

The individual terms of a stiffness matrix which are preserved are deter-
mined by substituting the appropriate element integrals as given by

Costentino and Wachowski (1966).

2.4 ~ Constitutive Laws for Joint Elements

Three constitutive laws are provided in the SLAM Code materisl catalog

for the description of the mechanical behavior of the jJoint elements.

W Do o o e
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They are:

1. An elastic-plastic material obeying the Von Mises yield criterion
and the Prandtl-Reuss flow equations., This model, which incorporates
strain hardening effects, is described in detail by Perloff (1969)
and Costantino (1968). The constitutive relation cen be employed
for regular elements as well as joint elements.

2. An elastic-plastic material obeying the Drucker and Prager {1952)
three-dimensional extension of the Mohr-Coulomb critericn. This
relation vhich can also be vieved as an extended Von Mises yield
criterion is also described in the earlier report (Ferloff, 1969)

and by Costantino (1968). Although usable for both joint elements

and regular elements, this constitutive relation is probably
applicable to Joints only when they are filled.

3. An elastic-plastic material which obeys a two-dimensional bilinear
Mchr-Coulomb yield criterion described in Equations 2.5, and
depicted grephically in Figure 2.2b, Post-yield behavior is
governed by the residual strength parameters as indicated in
Equation 2.6 and Figure 2.2b. An option is also provided in the
SLAM code to require that the joint is incapable of withstanding
tension normal to the joint surface. In Figure 2.2b this would
correspond to a case in vhich the failure envelopes would be
vertical along the T axis. Such a case corresponds to a clean
unhealed joint.

Plastic strains, for the post-yield condition, are calculated

{eP} = (€7} - {eB) (2.18)

in which {GT} are the total computed strains determined from the

12
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node point displacements, and {eE} are the elastic strains

determined from

(¥} = (17T (o} (2.19)

This constitutive relation is applicable to joint elements only.
These constitutive laws permit consideration of a wide range of
types of joint behavior. The nature of the materiasl catalog in the SLAM
code also allows for relatively straightforward incorporation of additional

constitutive relations, such as those involving time-~dependent behavior.

2.5 - Revised SLAM Code

The current version of the Static SLAM Code, containing the revisions
described abcve and incorporating consideration of joint elements is listed
in Appendix A. The form of the data input required is given at the

beginning of Appendix A and is indicated by comment cards within the code
itsgelf,

2.6 ~ Interpolation Code for MPBX Displacements

To assist in comparing the results of the analysis with displacement
measurements along MPBX lines, an auxiliary code has been developed to
compute displacements along these lines. The node point displacements
determined by the SLAM code are used as input to the interpolation code
for MPSX displacements. The input node point coordinates and displacements
may be in either megnetic tape or punched card form.

Details of data input and a listing of the code are given in

Appendix B.
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SECTION 3. RESULTS OF ANALYSES OF JOINTED SYSTEMS

3.1 - Introduction

Two types of jointed systems were selected for comparative analyses
to indicate the degree to which the behavior of the system could be pre-
dicted by the static SLAM code incorporating joint elements. The first of
these was a series of model tests conducted on & mass of simulated rock
blocks arranged to provide two families of intersecting joints. This model
vas developed at the Missouri River Division Laboratory (MRDL) of the
U. S. Army Corps of Engineers (Rosenblad, 1971).

The second case considered is a typical section at the Straight Creek
Pilot bore in which at least two families of intersecting joints were found

intersecting the tunnel. These cases are discussed individually below.

3.2 - MRDL Jointed Model Tests

The MRDL Jointed Block model is illustrated schematically in Figure 3.1.
It consists of a series c¢f blocks, square or rectangular in cross-section
grouped together to form a body intersected by sets of parallel Jjoints
normal to one plane. In Figure 3.la a typical square section dlock is
illustrated. The square blocks are grouped as shown in Figure 3.1b with
triangular blocks where required in order to form & larger msss which is
square in ceoss-section. The model is loaded in the horizontal plane as
indicated achematicall& in Figure 3.1c. Details of the spparatus construc-
tion, development and operation are given by Rosenblad {1971). The individual
blocks are fabricated by molding using a model material consisting of sand,
gypsum cement and vater wibrated in a mold. The development of the model
material resulted from an extensive experimentation program conducted by

Rosenbled (1971) for this purpose.

14
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c)- Schematic Diagram of Applied Stresses Shown
in Plan View

Figure 3.1- Schematic View of MRDL Jointed
Block Model 15
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A typical uniaxial stress-strain curve for an intact cylindrical
specimen of the vibrated model material is shown in Figure 3.2. The axial
strain data were obtained from strain gages mounted in the central portion
of the test sectione. Rosenblad reports significant differences between
the relation obtained rrom such strain gage measurements and those from
gross measurements from the specimen. He attributes this discrepancy to end
restraint effects. The importance of such effects in interpreting test
results has been investigated in an earlier report (Perloff, 1969), and by
Perloff and Pombo (1969). The Mohr envelopes for peak points on the stress-
strain curves for the intact model material, obtained from both direct shear
and triaxial compression tests, are shown in Figure 3.3.

The effect of & joint oriented at hSo to the axis of a triaxial
compression specimen on the stress-deformation behavior of the model material
is shown in Figure 3.2. This curve i< for a triexial compression test in
which the confining pressure was 500 psi. However, the equivalent Young's
modulus &t 50 percent peak strength was of similar magnitude for lower
confining pressures. Analysis of a single-jointed specimen indicated that

the results in Figure 3.2 corresponded to a joint modulus of 1.8 x 105

psi.
Mohr envelopes for the joints between the blocks as obtained from

triaxial compression and direct shear tests are shown in Figure 3.4, As

might be expected, the jJoints exhibit no cohesive componente of shearing

resistance, and have a bilinear failure envelope.

Analysis performed
The analysis was carried out for a two-dimensional jointed model in
which the blocks weie assume. .quere. The finite element mesh used is

shown in Figure 3.5. The mesh corresponds to one-querter of the model and
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consists of 180 nodes and 156 elements. Each of the heavy lines indicates a
Joint element between intact blocks. The light lines are boundaries of
elements forming the intact blocks. The material parameters used in the
analysis were obtained from the test data presented by Rosenblad (1971)

and shown in Figures 3.2-3.4:

Intact Blocks ~ Elastic-plastic material obeying the three~

dimensional generalized Mohr-Coulomb yield criterion:

1.5 x 106 psi

E=
v = 0.230

¢ = 100 psi

@ = 49.5 psi (Gf < 230 psi)

Joints - Elastic-plastic "material" obeying the two-dimensional bilinear
Mohr-Coulcmb yield criterion. Post-yield behavior is governed by
residval strength parameters which are the ssme as those producing

iritial yield:

E=1.8x 105 psi
v = 0.230
c=20

— a0
8, = 33" (0, < 175 psi)
o]
8, = 27 (0, > 175 psi)
The imposed loading used in the analysis wes oy =0, = 25 psi,

o, = 0y incressing to a maximum of 275 psi.

Results

Results of an analysis of the jJointed rock model are shown as the dashed
line in Figure 3.6. The line shows the relative displacement on either side

of a Joint, parallel to the joint, as a function of the major principal

21
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Figure 3.6 - Comparison Between Displacement along Joints
Mecsured in MRDL Mode! Study and that
Predicted by Finite Element Analysis.
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stress. The curve shewn corresponds to any qunt:because of the : I
symmetry of the test. . ' { |
Measured results for four presumably equiva;ent Joints are algq shown
in Figure 3.6. The scatter in the experigental results probably arises
from rotation of individual blocks, and éonseqpent nonuniform distriﬁutién
of frictional forces between the blocks, ﬁue to minor eccentricity in the
Jack loading system. Nonetheless, the abilify of éhe anglysis to prédict
the observed displacements is evident. . |
On the basis of these resulis it was concluded that'the SLAM éode was
capable of describing the behavior of jointed systems which satisfied the
following criteria: | .
l. The geometric arrangement of joints and intaét elements caﬁ be
completely descri%ed in terms of a two-dimensional sys'tenm,' |
2. T7he mechanical behavior of the intact materials and individual
Joints can be characterized by one of the const%tutive rélationé

incorporated in the material catalogue of the code. . !

3. The imposed loads and dispiacements are known,

3.3 - Analysis of Straight Creek Pilot Bore

Description of the tunnel
!
The Straight Creek Pilot Bore is located about 55 miles west qf Denver
on the proposed highway I-T0. About 75 percent of the rock in the pilot bore
) ;

is fine to medium grained granite (Brown, 1970). The remainder of the rock

consists of metssediments that include a variety of materials. The tunnel is’

transected by the loveland pass fault zone, vhiéﬁ contains numerous shear

zones of diverse orientations. The rock is jointed, and joint surfaces are’

oo
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joint: spacing was three feet. The spacing was increased at. increasing

1

commnonly coated with chlorite and/or calette.
The section chosen for apalysis, Sta. 114453, was composed of predominantly

. . i3 1 '
granitic rock with two major joint systems oriented approximately 38 and 52

degrees from the horizontal'on e plane normal to the tunnel axis. The
1

Joint spacing observed at the tunnel wall averaged one to:thfee feet,

but was quite variaLler At this location the tunnel 1s 250 feet below the

ground surface. '

Mechanical ch?racteristics of the rock were determined by Robinson and

_ Lee (1965). Their test results, illustrated by the Mohr circles and solid

failure eﬁqelope in Figure 3.7, indicate that the intact rock obeys a lMohr-

Coulomb failure criterion. Tests on samples with chlorite and calcite
3 , ‘

filled joints, in which the failure occurred aloné the joints, indicate peak

i

strength behavior of fhe joints shown as tne dashed line in Figure 3.7. Once

the initisl failure takes place however, it seems reasonable that %the cohesive

resistance diminishes to zero.

. Aralysis perforned

The 4wo-dimensicnal jointed finite element mesh used to represent the
prdblen. is shown in Figure 3.8. The heavy lines are Jo@nt elements, light

lines. indicate boundaries of int;ct elements. 1In the vicini%y of the tunnel,

. ' . 1
distance from %he tunnel, Figure 3.8, so that there were less than 1600 modes.
As in the case of the continuum ana;ysié (Perlo®f, 1969), the probiem is
solved in tvo'stages.' The displacements resulting from +he tunnel construction
vere‘determined as the ditfergnce between the displecements of .the mass
without the tunnel, and those with the tunnel (shadéd in Figures 3.8)

removed.. The mesh without the tunnel consisted of 1507 nodes and 1385

}

24
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elements; that with the tunnel contained 1Lkl modes and 1300 elements.
3 The material perameters used in the analysis were:
; Intact rock - Elastic-~plastic material obeying the three-
L dimensional generalized Mohr-Coulomb yield criterion:
E= 8,98 x 106 psi
V= 0,243
3 ¢ = 4500 psi
g = 52°
Joints - Elastic-plastic material obeying the two-~-dimensional
Mohr-Coulomb yield criterion. Post-yield behavior is

cohesionless in nature as discussed above:

i

E= 8.98 x 10° psi

\}

0.243

c = 2500 psi

(o]

9, 9, = 52

(e]
¢res = 32

Imposed loads were due solely to gravity. That is, the material
weight acted on all elements shcwn, In addition, a uniform vertical

loading of 208 psi was applied to the upper boundary of the mesh to

account for the overburden above the mesh.

Results

Results of the analysis and their relation to field measurements
are shown graphically in Figure 3.9. This figure indicates the cross-

section of the tunnel and the three MPBX's loceted at Sta. 11l + 53,

T ST e
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Superimposed on the diagrams of the MPBX's are the measured displacements
along the MPBX axis, values calculated by the analysis for jointed
systems given herein and, for comparison, the results from the continuum
elastic analysis (Perloff, 1569). The analtyical results for the jointed
model are closer to the measured values at MPBX's 2001 and 2002 than
those for the continuum model. The calculations predict a movement in MPBX
2003 vhich opposite in direction to that measured. Furthermore the
irregular movements recorded for MPBX 2002 near the tunnel face are not
predicted by the analysis. Several possible reasons for these discrepancies
can be ‘d-utified. Among these are:
1. Incorrect measurement of rock movement based on MPBX data.
This could arise from at least two sources:
a. Displacementa are likely to occur immediately
upon excavation. Becaugse the MPBX is installed
only after excavation, important components of
displacement, not necessarily in the same directiocn
as subsequently measured values mey be lost.
b. Anchor slip may cccur leading to spurious relative
displacement values between individual anchors. If
the anchor most remote from the tunnel slips,
the whole displacement axis is translated.
2. The specific orientation and spacing of the joints in the
vicinity of the MPBX's is not known but only estimated
for simplified representation. This can affect predicted
displacements markedly in the region near the tunnel where

stress relief is the greatest.

29
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3. The mechanical characteristics of the joints may be incorrectly
described for at least two reasons:

a. The elastic parameters for the joint materials
were estimated on the basis of the measured relative
moduli in the MRDL tests. Actual data on this
point were not available.

b. The joints were assumed to be unfailed, i. e., peak
strength parameters were initially appliceble. If the
excavation process produces temporary joint separation,
for example during blasting, then residual strength
parareters may be more applicable.

4, Initial stress comditions are important both to the magnitude
of elastic deformations az well as to the onset of yielding
as the tunnel material is removed. This important point was
discussed in an earlier report (Perloff, 1969) in more
detail. Unfortunately, no proven means for reliably measuring
the initial stress state (prior to excavation) is available
at the present tinme.

5. The three-dimensional vature of the problem, especially
the Jointing and fauiting undoubtedly has some influence.
This point is discussed further below.

On the basis of these observations it was concluded that a more

accurate prediction of tunnel behavior based on presently available

input information would be fortuitous.
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SECTION 4 - CONSIDERATION OF THREE-DIMENSIONAL EFFECTS

Three~dimensional effects are undoubtedly important in the
response of a rock mass to the opening of an excavation within the
msss. These effects arise from at least three gsources:

1. The three-dimensional nature of the tunnel geometry
1 produces a corresponding set of stresses and deformetions
. in the rock medium. Even in the case of e long tunnel,
the geometry is decidedly three-dimensional at the end
of the tunnel where construction is occurring, as well as
; »~ in the vicinity of the portals.

2. The preexisting stratigrephic features, especially

Joints and faults, are likely to interact with the | !
tunnel in a fashion which requires a three-dimensiona;
framework for & realistic representation.

3. The failure criterion appropriate to the meterials

involved most probably involves the complete stress
(or strain) field at a point. Therefore the response
characteristics of the materials themselves are
three-dimensional in nature.

In spite of these features, however, it was found to be impracticel
t¢ incorporate three~dimensional effects into the Jointed sygtem analysis
at the present time. Reasons for this inciuded:

1. Although three~dimensional effects are likely to be

significant, there are many situations (including,

probabiy, the Straight Creek Pilot Bore) where the
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. éther discrepancies between the real conditions and those
: ' ' identified are much more important. It is likely that the
most fmportant of:these a}e the joint spacing and mechanical
characteris;ics. Thus, only a marginal gain in accuracy
v ' seeméd likgly ds the result of incorporating these effects
at this time. J
2. Even a gimplified‘représentaxion of the major joint

sysfems in a two-dimensional framework required approximately

Col e

TR T PR e

1500 nodes and 1400 elements. The SLAM code capable of managing

1 this size probiem uses approximately 53,000 words of central
] memory . storage and approximately 15 minutes of computation

i ' ' time on the CDC 6500 .computer. !Expanding the program to three-

dimensions without imposing some symmetry requirements would
‘lead to an_inordinaxely large problem (s;e for example, Corum
L and Krishnamurthy, 1969).
‘ Copsequentiy %t was concludeﬁ'that three~dimensional considerations

could not be profitably incorporated into the analysis at the

preser’ uime,
H

LR
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SECTION 5 - CONCLUSIONS

Bagsed on the results described in this report for analyses of
Jointed systems and measurement of performance of those systems, the
following conclusions have been drawn:

1. The static SLAM ode for plane jointed systems described

herein can predict the response of such systems to imposed

loadings when the following conditions are satisfied:

a. The geometric arrangement of joints and intact
elements can be completely described in terms of a
two dimensional system.

b, The mechanical behavior of the intact materials and

individual joints can be characterized by one of
the constitutive relations incorporated in the material
catalogue of the code. 5
¢. The imposed loads and displacements sre known. }
2. Predictions of displacements of excavations in a natural
Jointed rock mass are likely to differ from measured
values. The discrepancy may arise from numerous sources
including:
a. Errors inherent in the measurements themselves.
b. Insufficient knowledge of the spacing and orientation ;
of the joints and faults in the zone of interest.
¢. Incorrect assessment of the mechanical characteristics

of the Joints or jJoint-filling materials.
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Inadequate knowledge of insitu stress conditions

prior to excavation.

Three dimensional effects which cannot be incorporated
in & plane aaalysis. This effect is likely to ve

less important than others mentioned above.

Incorporation of a three-~dimensional finite-element

representation of jointed systems into the analysis is

not practicable at this time due both to the conszquent

requirement for computer storage and time, and to the

limited benefit likely to be gained from such an

undertaking.
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APPENDIX A ~ STATIC SLAM CODE FOR JOINTED SYSTEMS

A.l - Code Description

The Static SLAM Code is written entirely in FORTRAN IV and makes
use of the overlsy features of FORTRAN IV to optimize usage of the high
speed core. The code consisus of a main program, twelve overlays and
27 separate subroutines, The overlay structure and subroutines are
shown schematically in Figure A.1l.

The code uses 11 tape drives for immediate storage of data and
output. The logical numbers for these tapes are 1, 2, 3, 4, 8, 9, 10,
11, 12, 14, 15. In addition, I/0 is handled by tape 5 for input and
6 output. The solution is stored on tapes 3 or 12, and )5. The code
is presently operational on the CDC 6500, using the Purdue MACE

operating system.

A.2 -~ Data Deck Setupn

The following description of the data deck setup assumes that, in
general, all numbers are right-oriented in their fields. Inclusion of
the decimal point in floating point {real) numbers overrides the right-
orientation requirement. Generally all integer data are entered in
5-column fields while all floating point data are entered in 10-column
fields.

Data entered in card groups 1.1 to 6.2 are read in overlay INKIA.
Data entered in group 7.1 to 9.3 are read in overlay INK1G. The remain-

ing data are read in overlay LNK2.

A-l
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Cbad

eI

CARD
1\' l

2.1

VARIABLE

ANAME

ANAME = Problem Desariptor to be priﬁted as output,
up to T2 characters

NUMYP, NUMEL, ISTRES, THPEY, IPRINT

,  NUMNP =

Number of node points (< 1600)

t

NUMEL = Number ot elements

' ISTRES = Couﬂter to describe stress condition,

I o
= 0, axisymmetric procblem,

(1}

1, plane strain problem,

2, plane stress problem.

T

FORMAT
" (18ak)

(515)

IMPBX = Counter for storage on magnetic tape (logical number 15) |
for use in:interpolation code (Appendix B) for determining
displacement along MPBY. lines,

1

= 1, print

2. print

3, print

n

4, print

'S, print

6,'print
input

=99, print

0, data are not stored on tépe'ls
1, data are stored on tape 15 for subsequent use.
Counter for intermediate printout,

0, no intermediate printout other than input data,

adjacency table and input- data,
stiffness t;ble and‘inputldaté,
Stress table and input data,
mass vector and input data,
load tables and input datq,

I
results of elimination:solution and
data, ' )

7, print stresses in plastic ‘elements snd input data,

all gbove tables.

A-2
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CARD VARIABLE FORMAT A
A y
3. K, R, 2, ITYPE, THETA (15,2E10.4, 110,E10.4)

N = Node poirt number,

sl

R = Redial (horizontal) coordinate (ft), increasing to the right,
Z = Vertical coordinate (ft), increasing down,
ITYPE = Counter for support conditions, k

= O, free node,

= ], fixed in one girection,
= 2, fixed in both directions

THETA = Angle (in degrees) of roller support measured positive
4 clockwise from the horizontal, for ITYPE = 1 conly.

Note: Card 3.1 repeated NUMNP times, !

L.)  NZOHES (15)
NZONES = Humber of different materials ( < 20)
4.2 IZ, ANAME (15,18ak)

IZ = Material or zone number

ANAME = Material or zone descriptor to be printed as output,
up to T2 characters.

k.3 IELAST, IPLAST, WGT, El, E2, E3, Eb, E5 (215,E10.9,5E10,0)

¥ IELAST = Type of linear material behavior, %

1, isotropic elastic material,

2, transversely anisotropic elastic material,

3. linear compressible fluid.

IPLAST = Counter to describe nonlinear tehavior,

0, elastic or linear material,

1, Mises (Prandtl-FReuss) eiastic-plastic material,

2, Elastic-Plsstic material with generalized three-
dimensional Mohr-Coulomb yieid criterion.
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CARD  VARIABLE

= 3, Elastic-Plastic material with two-dimensional
Mohr-Coulomb yield criterion. Applicable for
Joint elements only.

Note: 4if IPIAST = 1, 2 or 3, IELAST must equal 1
(isotropic elasticity)

WGT = Unit weight of material (pef)
El to E5 = Elesstic Property data.
If IELAST = 1,
El = Young's Mcdulus (psi),
E2 = Poisson's Ratio
E3 to E5 are neglected.
If IELAST = 2,
El = E_ (psi),
E2 = E, (psi),
E3=E, (psi),
Ek = G (psi),
E5S = E_o (psi).
If IELAST = 3,
El = bulk modulus, and
E2 to ES5 are neglected.
L4 NOYILD
NOYILD = Number of nonlinear segments of effective
stress-strain curve of elastic-Mises

plastic material ( < 10)

4.5 (SSTAR(I), I = 1, NOYILD)

SSTAR = Stress (psi) at beginning of non-linear
segment, up to T per card.

4,6 (HSTAR(I), I = 1, NOYIELD)

HSTAR = Slope (psi) of nonlinear segment, up to
T per card.

Note: Cards 4.4, 4.5, and 4.6 omitted {f IPLAST # 1.

FORMAT

(15)

(7E10.L)

(TE10.4)
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CARD VARIABLE FORMAT
. b7 COHESN, FRCTAN (2E10.4)
i
3 COHESN = Value of cohesion (psi) for generalized three-
dimensional Mohr-Coulomb material, as determined
from standerd triaxial compression test.
i FRCTAN = Corresponding friction angle (in degrees)
Note: Card 4.7 omitted if IPLAST not equal to 2.
4.8 COHESN, FRCTN1, FRCTN2, SNSWCH (LE10.L)
COHESN = Value of pesk cohesion (psi) for two-
dimensional Mohr-Coulomb material
(applicable for joint elements only).
FRCTN1 = Pesk friction angle (in degrees) for normal
stress < SNSWCH.
§ FRCTN2 = Peak friction angle (in degrees) for normal
stress greater then SNSWCH.
SNSWCH = Normal pressure (psi) on joint at which slope
angle of bilinear peak yield envelope changes
from FRCTN1 to FRCTNZ.
4,9  JTEYSN, IRESID (215)

JTENSN = Counter indicating tensile resistance across joint

= 0, Joint material can withstand no tension
normal to joint,

= 1, Joint material can resist tension normal
to joint up to magnitude C/tan(FRCTN1).

IRESID = Counter indicating whether residual shear strength
along joint is less than peak value,

= (), Residual shear strength along joint = the
peak value,

= 1, Residual shear strength along joint is less
than peak value

4,10 CRESID, FRESID (2E10.4)

CRESID = Residual (post-peak) cohesion (psi)

FRESID = Residual (poet-peak) friction angle (in degrees),
< FRCINZ.

Note: If IRESID = O, card 4.10 is omitted.

Note: Card group 4.2 to 4.10 repeated NZONES times.
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CARD VARIABLE FORMAT

: 5.1 NUME, IZONE, NPI, NPJ, NPK, NPL, NCRACK (715)

NUME = Element number,

I1Z0NE = Material zone number in which element is located,

P NPI to NPL = Node numbers comprieing element.
If NPL = 0, element is considered triangle.

1
If element is a joint element, NPI must be either

; node with smallest R-coordinate. If the element

’ is verticel, NPI must be either node with the
smellest z-ccordinate. NPJ, NPK, NPL must be
nodes given in clockwise order around the element.
For all other element types, there is no
restriction on ordering of nodes.

Counter to identify joint elements,

1l

NCRACK

0, regular trianguwiar or rectangular elexent,

]

1, rectangular joint element of zero thickness.
Thus two nodes will have the same coordinate,
and the other two nodes will have the same

coordinates.

it

Note: Card 5.1 repeated NUMEL times. ;

6.1  NUMST (15)
NUMST = Number of start nodes for renumbering ‘
scheme (< 80) f
6.2 (N¢ 3T(I), I = 1, NUMST) (1k15)
NSTART = Start node numbers, 1li per card.
7.1  NLINES (15)
NLINES = Number of surfaces along which applied pressure acts.

7.2  LOADNP, ANAME (15,18Ak) ?
IOADNP = Number of node points that are loaded by pressure f
on one surface (< 100). :
ANAME = Pressure descriptor to be printed as output, up %o

T2 characters.
(15,2E10.0)

7.3 NKrLOAD, PRESSU, PRESSW ‘

NPLOAD = Node number of nvude to which pressure is applied.
PRESSU = Hor:.zontal pressure (psi) applied to loaded surface

at node number NPLOAD, positive in positive R-direction :
(to the right). :

A-6
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CARD VARIABLE FORMAT

PRESSW = Vertical pressure (psi) applied to loaded surface
at node number NPLOAD, positive in positive z-
direction (down).

Note: Card 7.3 repeated LOADNP times. Ioaded node numbers,
NPLOAD, are in consecutive order along pressure surface
such that in moving from the first to the last the
pressures are applied on the left hand side of the

surface, and the boundary element is to the right of
the surface,

Note: Card group 7.2 through T.3 repeated NLINES times. If
NLINES = 0, they are omitted.

8.1 NLINES (15)

NLINES = Number of clusters of ncdes to which concentrated
loads are applied.

8.2 LOADNC, ANAME (15,18Ak)
LOADNP = Number of nodes in cluster (< 100)

ANAME = Concentratzd load cluster descriptor to be printed
as output, up to 72 characters.

8.3 NPLOAD, PLOADU, PLOADW (15,2E10.0)

NPLOAD

Node numbe:r of node to which pressure is epplied.

PLOADU = Horizontal force (1lbe.) applied to node number
NPLOAD, positive in positive R-direction (to the right).
PLOADW = Vertical force (1lbs.) applied to node number NPLOAD,

positive in positive Z-direction (down).
Note: Card 8.3 repeated LOADNP times.

Note: Card group 8.2 through 8.3 repeated NLINES times.
If NLINES ™= 0, tney are omitted.

9.1 NLINES (15)
HLINES = Number of clusters of nodes for which displacements
are specified.
9.2 LDISP, ANAME (15,18Ak)
LDISP = Number of nodes in displecement cluster.

ANAME = Displecenent cluster descriptor to be printed as out-
put, up to T2 characters.

A-T
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CARD VARIABLE FORMAT
9.3 NPDISP, UDISP, WDISP (15.2E10.0)
NPDISP = Node number of node for which displacementis are
specified.
UDISP = u - displacement (inches)®
WDISP = w - displacement (inches)l

Note: Canrd 9.3 is repeated LDISP times.

Note: Card group 9.2 through 9.3 repeatel NLINES times.
If WLINES = 0, they are omitted.

10.1 ITMAX, ERRMAX, NFAC, KTAPk, ICONTU, OVERLX (15,E10.0,315,E10.0)
ITMAX = Maximum number of iterations to be used for esch
solution increment.
ERRMAX = Maximum allowable error (lbs) in force computations.
NFAC = Number o. increments to be used in nonlinear solution
to go from loads at which stresses reach the elastic
limit to the actual loads.
KTAPE = Counter for use of tapes for storage of node point data,
= 0, uses two K tapes (normal usage),
= 1, uses only 1 K tape,
ICONTU = O will continue complete solution if ITMAY is reached
in any load increment without convergence to within the
allowable error, (ERRMAX).
OVERLX = Over-relaxation factor to reduce required number of
iterations (usual values 1.2 - 1.8).
1. When ITYPE = 1 on card 3.1, only one displacement component is specified at the

prarticular node point. This is equivalent to a roller support, as shown in
Figure A.2, in which the roller is free to move slong a line oriented at the
angle B (also input on card 3.1) with respect to the horizontel. The angle
6 is considered positive when measured clockwise from the horizontal, and
defines a new set of coordinates u, w as shown in Figure A.2. The direction
in which the roller is free to move is defined as the u direction. The
direction in which the displacement is specified is defined as the w direction.
Thus in the case of the equivalent roller support node point, WDISP is the
specified displacement in thw v direction, and UDISP is ignored. Similarly
in the output, the result given for u is the displacement in the u direction
ard v 1s the sracified input displacement in the w dirsction.

Forces at nodes with equivalent roller supports are specified in the usual
horizontal and vertical coordinate directions.
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Figure A .2- Coordinate Directions for Equivalent Roller
Support |
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. ' A3 - Listing of Code | A-9
UVERLAY(MOHA_N_QQ'O ). )

PRAGRAM SLAM:!NPJT.DUTPUT,TAPE5=INPUT.TA?E6=DUTPUT,
1TAPEL ,TAPE2,TAPE3, TAPE4, TAPEB,TAPES, TAPELC, TAPELL,TAPF12, A

2TAPEL44TAPELS,TAPEL6) S -

COMMON HAXNP, MXCLS » MXADJPyMXZONE, MXNPB yNDONE Sy MXPELB ¢ NUMNP,

% _ END .

1 NUMEL , ISTRES , NUMPEL s NUMELP 4P ER 10D ,NMKCL SoFAC TOR JALAMB ,
2 KT APE, KRIN'y IPR INTyNUMSToMXSTRT, IELAST(2C) » IPLAST(20) o
3 WGT(20) s NSTART(T9) s ETL 59 20), IPELTP o INT,NPRCD S, 1 MPB X
i
' MXCLS=80 |
13 MXNPB=35) - -
~ MAXNP=1600 j
MXADJP=8 ;
¥ MX2OREEZy "~ = TTTTT T
13 | MXSTRT=79 -
3 ' MXPELB=24
g KRUN=0
3 -~ CI !
MCHAN=5 HMOFAN
C ‘ S
E;‘ i CALL OVERLAY { MOHAN, 1, 0y 6HRECALL )
3 c ' . :
- CALL "OVERLAY { MOHAN, 2, 0, 6HRECALL )
| C _
1t CALL OVERLAY ( MOHAN, 3¢/ 0y 6HRECALL ) |
1 c .
L] - CALL OVERLAY { MOHAN, 4y 0y 6HRECALL )
» C .
- CALL OVERLAY { MUHAN, 5, 0y 6HRECALL )
¢ .
ig CALL OVERLAY { MOHAN,'6, 0y 6HRECALL )
E C \
31 . CALL OVERLAY { MOHAN, 7, 0y 6HRECALL )
4 c ' ; '
- CALL OVERLAY { MGHAN, 8,0, 6FRECALL)
9, c . .
18 CALL OVERLAY ( HOHAN, ' @, 0, 6FRECALL )
q: C
)‘; : !
i . CALL OVERLAY { MOHAN, 10y 0+ 6FRECALL )
i c - S ' :
?i.‘ CALL OVERLAY { MOHAN, 11,0, 6FRECALL ) :
c |
g - CALL OVERLAY { MOHAN, 12,04 6FRECALL ) ;
3 c ' i '
T | STQP . - : 46 :
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A-10

: OVERLAV{®UOHAN, 1,0 T oo T o
T PRCGRAM LNK1A
y CCMMON MAXNPy MXCLS:MXADJIPyMXZONEsMXNPB ¢NZONESyMXPELB ¢ NUMNP,
1 NUMELy ISTRES ) NUMPEL y NUMELP,PEIIOD/NMKCL SyFACTOR,ALAMB,
- 2 KT APE o KRINy IPRINTyNUMSTyMXSTRT, TELAST(2C),IPLAST(20),
3 WGT(20)4NSTARTH(T79),EI(5420), IPEL TP, INT NPRCDS,IMPBX

DIMENS ICN R{1600),Z(1600), ITYPE({ 1600),y THETA(1£CO)

DIMENS ICN ANAME{18),SSTAR(10)y HSTAR(10)

TR

#%&¥ SYSTEM CATA —— "~~~ =7 -~
- MOHAN=5HMORAN

(9]

: - READ(5,100) ANAME,NUMNP,NUMEL, ISTRES, IMPBX, IPRINT
100 FORMAT (18A4/1415)

ANAME =PROBLEM TITLE
NUMNP =NK0. OF NODE POINTS
NUMEL =KO. OF ELEMENTS
ISTRES=0 AXISYMMETRIC PROBLEM
=1 PLANE STRAIN PROBLEM
"EZTTPLANE STRESS PRUBLEM
IPRINT=0 CNLY ECHO PRINT INPUT DATA
CNLY PRINT ADJACENCY TABLE
= ONLY PRINT STIFFNESS TABLE
= CNLY PRINT STRESS TABLE
= CNLY PRINT MASS VECTOR
= CNLY PRINT LDAD TABLES
=6 CNLY PRINT RESULTS DF ELIMINATION
= CNLY PRINT STRESSES IN PLASTIC ELEMENTS
=93 PRINT ALL ABOVE TABLES

pa o)

LR AL ko

oMo O0O00O0O0
]

WRITE(6¢101) ANAME)NUMNP,;NUMEL, IPRINT
1C1 FURMATYIHI,1I8A4//20FW NO. OF NODE PIINTS=,15/
- 1 20+ NO. OF ELEMENTS =y 157
2 20H IPRINT =y 15)
IF{ISTRES.NE.O) GO TO 103
- WRITE(5,104) [ISTRES
104 FCRMAT (20H ISTRES =9 159 3Xy 20HAXT SYMMETRIC PROBLEM)
GC 7O 102 ’ )
- 103 IF(ISTRES.NE.Ll) GO TO 105
WRITE(69106) ISTRES
106 FCRMAT {20H ISTRES =y 159 3% 20HPLANE STRAIN PROBLEM)
- GC TO 102
105 [F(ISTRES.NEL2) GO TO 107
WRITE(G,10BY ISTRES -

- 108 FCORMAT (20H ISTRES =y [593Xy 20HPLANE 35TRESS PROBLEM)
GC 70 102
107 WRITE(6,109) ISTRES
- 109 FCRMAT (20H ISTRES =y 159 3Xy 20HERROR IN ISTRES DATA)
CALL EXIT
C T -

- C#sx¥ READ NQCE FOINT DATA AND STORE ON TAPE 14
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102 PI=3.1415227

REWIND 14
WRITE(6,110)
110 FCRMAT (1H1,15HNDODE PQINT CATA//12Xy THNODE P T34X94HTYPE 913X,
LSHTHET Ay 15Xy 6 HRADIUS,y 14Xy SHOEPTH/ 14Xy 3HNO o 9 21 X 9 GH (DEGREE S)
21X 4HUFT) ) 16X 4HIFT) /7))

DC 111 I=1,NJRNP .
111 READU5,T127T 'NPN;RINPN ), 2Z{NPN}), ITYPETNPN ), THETA(NPN)
112 FORMAT(15,2E10.4, 110y E10.4)

c

c NPN  =RODE POINT NO.

c R =RACIJS (FT)

C z =CEPTH (FT)

c ITYPE =0 FREE NODE "~

c =1 FIXED NOUDE IN ONE DIRECTION (EXCEPT Z-AXIS)

c =2 FIXED NOCE IN TWwO DIRECTIONS(INCLUDING Z-AXIS)
o =3 FREE NOULE ON Z-AXIS (NOT NECESSARY TO SPECIFY)
o THETA =CLOCKAN ISE ANGLE OF RULLER DIRECTION FROM

c R-AXIS (DEGREES)

Crbbrdkbdhdkd bbb b dd ek oo dk ek b kb AR R AR RS X R AR RRR KSR AR R SRS SRR R KRR AN S

IF (IMPBX.NE.1) GO TO 15
REWIND 15
WRITE(15)NUMNPy (R( [)yZi 1), 1=1,NUMNP }
CERRXahkr Rk bR AR SRR A RS X S RGA KRR TR B KEEEER SRRk kSRR ek Xk
c
15 OC 16 NPN=1,NJMNP
IF(R(NPN).NE.D.D) GO TO 17
IF(ITYPE(NPN) .EQ.2) GO TO 17
IF(ISTRES.NE.O) GO TO 17
ITYPE(NPN)=3
17 WRITE(6,113) NPN; ITYPE(NPN ), THETAUNPN) yR (NPN) 4 Z {NPN)
113 FCRMAT (116+19,5K, 1P 3520.7)
RINPN)=R{NPN)*12.0
ZINPN)=Z(NPN)#12.0
THETACNPN)=THETA(NPN) %P /180,
WRITE(14) NPN,R{NPN), ZINPN), ITYPE{NPN), THETA{NPN)}
16 CCNTINUE

CHr&xs READ 20NE PROPERTY DATA AND STORE 0K TAPE 14

READ(54114) NZONES
114 FCRMAT(1415)
WRITE(6+118)NZUNES
118 FCRMAT{1H1,18HZONE PROFERTY DATA/14H NO. OF ZONES=915)
WRITE(L4) NZONES
DC 1 I=1,NZONES
READ(5,119) IZ,ANAME
119 FCRMAT (15,18A4)

NZONES=NO. OF MATERIAL ZONES
12 =Z0ONE NJMBER
ANAME =I0ONE DESCRIPTOR

aAMTOOO

WRITE(64+120) 1ZyANAME
120 FCRMAT(({I?H ZONE NUMBER=, [5y 2Xy 18A 4)

READ(S,121) ITELAST(IZ ) IPLASTUIZ )W WGT(LIZ)4(EI(JelZ)yd=1,5)
121 FORMAT(215,F10.0,5E10.0) 4(}
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A-12

WGT =SUNIT WEIGHT (LB/FT2)
El =ELASTIC MODJLUS (PSI}) FOR [SOTROPIC MATERIAL
E2 =PUISSTUN, S RATIUO FOR TSOTROPTIC MATERIAL '~
E3 +4,5=PARAMETERS FOR ANISOTROP IC ELASTICITY
IELAST=1, ISOTROPIC ELASTICITY
=2y ANISOTROPIC ELASTICITY
=3y COMPRESSIBLE FLUID
IPLAST=0y LINEAR MATERIAL
=1, VON MISES PUASTICITY
=2y THREE~DIMEN. MOFR-COULOMB MATERIAL
=3y TAO-DIMEN. MOHR-COULOMB MATERIAL, JOINT ELEMENTS CNLY
WRITE(6,122) IELAST(I1Z}y IPLAST(1Z),WGT(IZ)
122 FCRMAT {10X,20HIELAST =y 15/
! TTTOXGZSRIPUAST 777 T T TS 157 T
2 10X 320 HUNIT WEIGHKT =9 IPE1545y2Xy 3HPCF)

IF(CIELAST(TZ)oFQs0)ORL( TELASTIIZ}.GT-3)) GO TO 400
IF{IELASY(1Z).GT.1) GO TO 123
WRITE(69124) EI(LyI1Z),ELL2y 1)
124 FCRMAT (TOXyZ0RELASTIC MOUULUS™ =, IPET15.5,2Xy3HPSI/
1 10X420HPOISSON, S RATID =y IPE15.5)
GC TU 500
123 IF(TELAST{IZ).GT.2) GO TO 125
WRITE(64137) ESI(141Z2)9EI(20IZ)9EWL3,12)9EL(4y1Z)HETI(S,112)

137 FORMAT (10X420HEL = 1PE15.5/
1 TIX,20HEZ ’ ) =y IPE15.5/
2 10X 420 HE3 =y IPE15.5/
3 10X 420 HE4 =9 IPEL1S.5/
4 10X+ 20 HES =y IPE15.5)
GC TO 500
125 WRITE(64126) EI(1,1Z)
126 FORMAT TIOX,20HBJLK MOTULJS T =y IPETE.5,2Xy3HPST)
GC 1O 500

400 WRITE(6,401?
401 FCRMAT (19H ERROR IN ZONE CATA)
CALL EXIT

S00 WRITE(14) IZ,IELAST(IZ)s IPLAST(IZ)oWOTUIZ)y(ETI(J412)4J=1,5)

IF(IPLAST(IZ).GT.3) GO TO 400
IF(IPLAST(IZ).EQ.0) GO TO 1
IF(IPLAST(I2).67-1) GO TO 200

MISES MATERIAL DATA

IFLIELAST(IZ).NE.1) GO TO 400

READ(54,114) NOYILD

READ(54127) (SSTAR(J)9JI=1,NOYILD)

READTS, 12771 THSTARTIT, J=1,NOYILD)
127 FORMAT(TE10.4)

NOYILD=NO. OF NONELASTIC STRAIGHY L INE SEGMENTS ON
UNTAXTAL STRESS-STRAIN CURVE

SSTAR =STRESS AT BEGINNING OF SEGMENT (PESI)

HSTAR =SLOPE 0OF SEGMENT (PSI)

WRITE(64128) NOYiILD 43
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128
139
140
141
142
143
129

144

145

e NeNel

20"

OO0

201

202

OO

300

OO OOO0OO0

301

1 10X420 Y LELD COEFy K

A-13

FCRMAT (10X ,20HNO. OF PLo SEGUENTS=, 15)

WRITE(€-139) SSTAR(1)

FCRMAT { " .?,20HSTRESS AT START =9 IPE15.592Xy 3HP SI)
IF(NOY L LU.EQ.Y) GO TO 141 oo T o
WRITE(64140) (SSTAR{J)yJ=2,NOYILD)

FORMAT (29X 1H=9 1PE 15459 2Xy 3HPST)

WRITE(6,142) HSTAR(1)

FCRMAT (10X 20HSLOPE OF EL. CURVE =y 1PE15.5y 2Xy 3HP SI)
IF{NOYILD.EQ.1l) GO TO 143
WRITE(6,140) THSTARTY )y d=2,NIYILD)

DC 123 J=1,NOYILD

IF(HSTAR(J).GE.EF(1,12)) €O TD 400
HSTAR(IJ)I=ET( 1,12 )*HSTAR(2)/(ETl 1,12 )-HSTAR(J))
WRITE(64144) HSTAR( ')

FCRMAT { 10X 420 HSLUPE OF PL. CURVE =y IPELS.5,2Xy3HPSI)
IF{NOYTLD.ET.1) GO TN 145

WRITE(6,140) (HSTAR{J)9J=2,NOYILD)

WRITE(14?) NOY ILD, (SSTAR{J 1y J=1yNOYILD), (HSTAR(J),J=1,NOYILD)
GC 7O 1

THREE-DIMENS [ONAL MOHR-COULOYB MATER IAL
IF(IPLAST(IZ2).6GT.2) GO TO 300
IF{IELAST(I2).NE.1) GO TO 400
READ(54,127}) COHESN, FRCTAN

CCHESN=SOIL CUHESION {PSIT) FROM TRIAXIAL TEST
FRCTAN=FRICT ION ANGLE (DECREES)

WRITE(64+201) COHESN, FRCTAN

FCRMAT (10X, 23 HCOHES IONy TRIAXIAL =y 1PE1S.5,42Xy34PS1/

1 10X 20 HFRICT ION AMNCGLE =y 1PE15.5,2Xy THDEGREF S)

FRCTAN=FRCTAN=PI1/ 180.

ALPHA={2./SQRT(3.))* SINIFRCTAN)/(3.-SIN(FRCTAN})
CAPPA=(£,/SQRT(2.))*COHESN*CIS{ FRCTAN)/{3.-SIN(FRCTAN})
WRITE(6,202) ALPriA, CAPPA

FCRMAT { 10X 4204YIELD COEF, ALPHA =y 1PEL1S.5/

=9 lpElS.SoZX'BHPSI}
COSTH=SGRT (ALPHA*%¥2 ./ { ALPFA*%2,.+( 1./6.)))
IF/LISTRESEQ.2) JANC.{CAPPA.EQ.O0.0}} GO TO 4CC
WRITE(Ll4) ALPHA, CAPPA, COSTH

GC TU 1

TWO-DIMEN, MOHR-COJULOMB MATERIAL FOR JOINTS ONLY
READI5,127) CORESN, FRCTNY, FRCTN 2, SNSWCH

COHESN=COHES IVE COMPONENT (OF PEAK STRENGTH(PSI)
FRCTNL=INITIAL PHI ANGLE FOR BIL INEAR FA{LURE ENVELOPF (DEGREF S}
FRCTN2=PHI ANGLE FOR BIL INEAR FAILURE ENVELUPE WHEN NORMAL
STRESS GREATER THAN SNSWCH (DEGREES)
SNSWCH=NORMAL STRESS AT WHICH BILINEAR FATLUWRE
ENVEL()PE CHANGES SLOPE

WRIT {6,301) CUHESN,FRCTN1, FRCTN2y SNSWCH

FORMAT (10X 420 HCOHES 10N =y 12E15.592Xy 3HP SI/
10Xy 20HINITIAL PHI ANGLE =y IPE154592Xy THDEGREF S/
10X420HSECONC BIL INEAR Ptil=y IPEL1E.5,2X, THDEGREF S/
10Xy 1l THNORMAL STRESS FOR S
12X, 1 /HBREAK IN BILINEAR/ 5()

SWN -
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5 12X, 15 HFATLURE ENVELUPE =, 1IPE1545,3HP ST}
SNSWCH==§1¥ 1t ; ‘ ; ,

READ{5,1147 JTENSN, TRESIC

JTeNSN=0, JOINT MATERIAL CAN WITHSTAND NO TENSION NORMAL TO JCIAT
=Ty JOINT MATERIAL CAN WITHSTAND TENSION VORMAL 10 'JOINT ‘
UP TO MAGNITJUDE COHESN/TAN(FRCTN]) . '

IRESTD=0, RESTDJAU SHEAR STREVGTH AFTER "YEILD=PFAK SHFAR STRENGTH
1y RESIDJAL SHEAR STRENGTH LESS THAN PEAK

OO0 (g

IF(JTENSN.EQ.D) WRITE(6,305) . L
305 FORMAT (10X,20HJOINT MATERIAL TAKES/ :
l 12Xy 1 THNO TENS ION NORMAL/ ) ,
2 12XHZ8HTOD JOINTY - : ’ . ,

IF(IRESID.EQ.1) GO TO 310
WRITE(6,307) :
307 FORMAT (10X,14HRES IDUAL" SHEAR/
1 12X, 1SHSTRENGT+ = PEAK)
CRESTD =" TUOHESN -
FRESID = FRCTNL ' :

GC TO 320

[\

310 READ (5,127) CRESIDy FRESIC
CRESTD = RESTODUAL COHESTON 1?PSI) ~
FRESID = RESIDJAL PHI ANGLE (DEGREES)

!

TOO0

HRITE(S,315) CRFSTDpFRESIC
315 FCRMAT(10X,2J0HRES ICUAL COFESION =y IPE15.592X,3HPSI/
1 10Xy 2)HRES IDUAL PHI ANGLE =y IPEL15.5,2X,y THDEGREFS)

c ! )

320 FRCTNI=FRCTN1#P[/180. ' . , ; ,
FRCTN2=FRCTN2%P1/180. ' .
FRES 1D=FRESID*P1/ 180. Co

MYIELD = O
WRITE(TI4TCORESN, FRCTN 1, FRCTV 2, SNSWCH,CRESID,

1 FRESIDyMY TELDy IRESIDy JTENSN

GO 1Ot

c
1 CCNTINUF

C
C*¥%%x READ EUEMENT ~DATA, REURDER ELEMENT. NJDES; OUT ON TAPE 1
C PLASTIC ELEMENTS ON TAPE 14 y :
c

REWIND T

NUNMPEL=0

WRITE(6,131)
131 FURHK!(IH[,TZHELEHENT_DATAIIIZX'7HELEHFNT'5X04HZUNE 6X,3HNPI.
17X, 3HNPJ,7X.3HNPK97X.3HNPL97X 6HNCRACK /14Xy IHNOC. 8X,31HNC. 7/ /)
C#t#t**t##t##*##**tt*#t#ttt*t***#*ttt*tt#tt#tttttt#ttt*tttttt*###t#tt#t#

IFLIMPBXLEC.LIWRITE! 15)INUMEL
COREERREDARRKIRREE T $RARAR R R AR EIRREE OB RE KRR RRER A KR ERRRERRRERCER KRR LR #

C

DO 7 M=1,NUMFL
NPL=0 . . )
READ(5,4114) NUMEollONEyNPl,VPJ;NPKyVPLvNCRACK

4

'
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NUME =ELEMENT NJUMBER
IZONE =ZONE NJMBER

© NP =NODE POINT NUMBERS — —— 7.0
NCRACK=0 REGJLAR ELEMENT, =1 CRACK MJIDEL

i . 1

. CALL ORODER(NPI,NPJ, NPKyNPLy Ry Zy ISTRESy)KASE ¢ MAXNP 4 NCRACK]

WRITE(1) NUME, IZUNE/KASEsNP {4NPJ,NPK,NPL,NCRACK
, CWRITE(64132) NJUME, IZONE,N2 I, NPJ, NPK , VPL sNCRACK

132 FCRMAT (116,! L1,3%, 164%X, 16, 4%, 16, 4!,15,4x,!6T o
C##**$*##**#*###*#v#****###***###*##**t***#******#*#tt###*####*t*#***##t
IF{IMPBXJEQe LYWRITE{ 15 INUME, NP 14 NPJ o NPK JNPL

R L A L L L L L I I L T T LT LIS
c ‘

IF{IPLAST{IZUNE).EQ.0) GO YO 7
" NUMPEL=NUMPEL+1 o

IF{NPL.NE.O) GO TU 133

ITLED l ,

THL=0.0

RL=0.0

N 2L=0.0 '

GO TO 134 L o '

133 [TL=ITYPE(NPL)

~ THL=THETA(NPL)
' RL=R(NPL)
2L=7 (NPL) » . .

134 WRITE(14) NJME, IZONE, IPLAST( IZCNE)sN# 1 4NP JsNPK 4NPL 4NCRACK,
LETYPEUNPL)ITYPEINPI ),y ITYPE(NPK )5 ITL,
2THETA(NPI) o THETAINPY o THETA{NPK §, THL ,

3 ' RINPIY, . R{NPJI), RINPK )oRL
& CZINPLY, LINPYS I, ZINPK )y 2L ' '
C '
.7 CONTINJUE
C ]
WRITELE,1507 NJMPEL
150 FCRMAT {1H1¢26HND. OF NDNLINEAR ELEMENTS=,15)
o
C***x STARTING NCORE DATA FOR PATH ROUTINE :
c ' ' '
READ(5,114) NJUMST .
READ{(S,114) (NSTART([), J=1,NUMST} :
C: NUMST = NO. OF STARTING NODES(LT.L10C)
o NSTART=START NG NODE NJMBERS
C )
WRITE{6,135) NUMST
135 FORMAT(1HL,i8HSTART ING NOLCE DATA7/20H NO. OF START NOOES=,15//) .
ARITELG+136) (NSTART( I}y 151y VUMST)
136 FCRMAT {22H ST ART ING NODE NUMBERS/([SX.ICI?))
8 ,
Cxsss AT {HIS TIMF, TAPE 14 HAS DRICINAL NODE POINT DATA
c . " Z0NE DATA
C . PLASTIC ELEMENT DATA, ORISINAL NODF CROE
o TAPE 1 HAS ALL ORIGINAL SLEMENT DATA '
c | .
REWIND 14 ‘ .
REWIND 1
RETURN

il
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A-16

~ c - ————
g SUBROUT INE ORDERINP Ty NPJyNPKoNPL 4Ry Zs ISTRE 5, KA SE yMAXNP yNCRACK)
1 DIMENS EICN R{MAXNP )y 2{ MAXNP }
c - biniiastied —_ A et . - e
; C*¥¥* ORDER NCDE PUINT LETTERING FIR ELEMENT AND OEFINE CASF
: C
3 C R =RATJIAL COORODINATE OF NGDE PIINT
‘ - C Z =VERTICAL COCRCINATE OF NODE PJIINT
C KASE =1, GENERAL TRIANGLE
c © 22y TRTANGLE, UONE'NODE ON Z-AXIS
i C =3¢ TRIAMGLE, TWO NODES ON Z-AXIS
C =4, GENERAL RECTANGLE
C =5y RECTANGLE, ONE NODE ON Z-AXIS
) C =6y RECTANGLE, TAO NODES ON Z-AXIS
3 C ISTRES=0, AXISYMMETRIC PROBLEM
3 c T FTTPURNE STRAIN PROBLEM o
R h c =2y PLANE STRESS PROBLEM
c

LA 2 atyn

IF(NCRACK:EQ.0) GO TO 20
- A= (R{NPI}-RINPI))*%24( ZINPJ}-ZINP ) Y&%2
[FlA.GT.0.0) GU TO 2%
I=NPT B : ST TTITme s e
- J= NPK
K=NPL
L=NPT1 = 7~ -
B NPI=1
NPJ=J
NPRS | — = e . - - -
NPL=L
21 CONTINUE
KASE=4
- IF(R(NPI}oNF.0.0} RETURN
IF(ISTRESLEQ.0) KASE=6
RETURN """~ ~ - -
- 20 CONTINUE
NI=NPI
NJ=NPJ N
- NK=NPK
NL=NPL
ITFIRINIVL.LT.RINITY GO VO
IF{R{(NI}.NE.RINJ)} GO TO
IF(ZINI)LLTLZ(NJ)) GO TO
2 NI=NPJ -
B NJ=RNPI
NPI=NI
NPJ=NJ™ 7 T
- 1 IF(RINI).LT.RINK)) GO TO
IF(RINII.NEJR(NK)} GO TO
IF(ZINTI).LTLZINK}) GO TO
4 NI=NPK
NK=NP]
NPI=NI
NP K= NK
3 IF(NPL.EQ.O} GO TU S
iFIRINI).LT.RINL)} GO TO
- IF(RINTI)ILNE,RINLY) GO TO
IF{ZINI)LLTLZ(NL)) GU VO
6 NI=NPU "~ 7~ T - T T
- NL=NP]
NPI=NI

[adin I o]

w W

W\ O n




et~

e e N SE 2P

[

c
C
c
5
C
c
c
8
10
9
11
C
c
¢

14

13

12

16

15
18

i7

NPL=NL

NODE POINT 1 IN PROPER LOCATION (CLOSEST T0 ORIGIN)

AJ=R(NG)-R(NT)
BJ=Z(NJ)-Z(NI)
AK=R{NK}-RINT)
BK=Z(NK}-Z(NI)
HJK= AJ*BK~-AK*BJ

SR AR A 2 Lkt ! Ak d

TR T

IFINPLINELOY GO 7O~
TRIANGULAR ELEMEN{

IF(HJK.GT.0¢) GO TO 8
NPK=MJ

NPJ=NK™  ° S T T e

IF{R{(NPI).EQ.Ds) GO TO 9

KASE=1

RETURN

IF{ISTRES.NE.O) GO TO 10
IF(RI(NPK).FQ.2.) GO TO 11

KASE=2 T
RETURN

KASE=3

RETURN

RECT ANGULAR ELEMENT

AL=R(NL)-R(NI)

BL=Z (NL)-Z(N1)

HJL= AJ*BL-AL *BJ

HKL= AK*BL - AL ¥BK
[IF(HJK.GT.0.) GO TO 12
IF(HJL.GT.0.) GO TO 13
IF(HKL.GT.0.) GO TO 14
NP J=NL

NP L=NJ

GC T0 15

NP J=NK

NP K= NL

NPL=NJ

GC 70 15

NP J= NK

NP K= No

GC TU 15

IFIHJL.GT.0.) GO TO 16~
NP J=NL

NPK=NJ

NP L= NK

GO TO 15

IF(HKL.GT.0.) GO TO 15
NPK=NL )
NP L= NK

IF{R(NPI}.EQ.D.) GO TO 17
KASE=4

RETURN

IFUISTRESNF.0) GO TO 18
{FIRINPLYLEQ.D.) GO TO 19
KASE=5

RETURN

A-17
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A-18
19 KASE=6
RETURN
END
C e e e vy mmm e e v e
c
C
OVERLAYTROHAN,2,0 )
4 PRCGRAM LNK18B
3 CCMMON MAXNP y MKCLSyMXADIP o MXZONE,MXNPB ¢ NZONES s MXPELSB ¢ NUMNP,
; | S TNOMEL, TSYRESyNUMPEL , NUMELP ,PETTOD,NMKCL S, FACTOR,ALAMB 4
- 2 KTAPE . KRJNy IPRINT ¢yNUMST,MXSTRT, IELAST(2C),IPLAST{20),
3 WGT(20)4NSTART{T9)eE1(S5¢20)y IPELTP 4 INTyNPRCOS,IMPBX
3 C
¥ - DIMENS ION NPADJ(160C0,8)oNADINP( 1600),NADJELL6CO)
: MOHAN=SHMOHAN
. DC' 5 I=TyNUMNP
3 - NADJNP([)=0
3 NADJEL(1)=0
3 DO 5 J=1,MXADJP
5 NPADJ(I,4)=0
C
REWIND T— — — 7 77 - T s T
DO 7 M=1,NUMEL
READ(L1) NUME, IZONE,KASEyNP I, \NPJ,NPKy\NPL ¢+NCRACK
7 CALL ADINPIMXADJP MAXNP,NUMNP,NPADJ, VADJEL NUME ,NPI yNPJ,NPK,NPL)
CALL VADJINP{MXADJIP,yNACINP,MAXNP ¢ NUMNP 4NPADJ)
REWIND 1
C e e e i L L. e .
REWIND B8
WRITE(B) (NADUNP( I)yNADJEL(TI)s INPADIC(TI2J)eJ=1yMXADJIP) ,1 =] ¢yNUMNP)
REWIND 87
C
IF{UIPRINT JNEWL)ANDS( IPRINTJNE.9%) JRETLRN
C NIRRT -
WRITE(E,1)
i FORMAT{1H1438HTABLE OF ORIGINAL AQJACENT NOUDE FOINTS//
1 6X,4HNODE,13Xy6HNDO. OF, 4X; 6HNO. OF, 27X, 2CHADJACENT NODE POINTYS/
2 GXy5HPOINTy 11Xs9HADS e PTS ey IX99HADI e ELSa 9 S5Xp 1H1 99X y1H2 99X 41H3,
3 IXyLlH4»IXy1HSs9Xy 1HIy9Xy LHTy 9Xy 1HB/ /)
DO Z T=1,NUMRP ~ ~ 7 7 - o
2 WRITE(6¢3) ToNADJNP(I)yNACJELL T)y(NPADJ(I,J)yJ=1,yMXADJP)
3 FCRMAT{18,8X,2110,8110)
c AT h
RETURN
END
C e e
C
C
SUBROUT INE ADJNP{MXADJP,MAXNP ;NUMNP ,NPADJ yNADJEL ,NUME,
LNPL ¢ NPJyNPKy NPL}
DIMENS ION NPADJ{MAXNP ¢ MXADIP )y NADJEL (MAXNP ) yNA (4)
C -
C*x%* FCRM TABLE OF ADJACENT NOCAL PHINTS
C
c
C MXADJP=NMAX. NO. OF ADJACENT NUDAL POINTS ALLOWED
C MAXNP =MAX, NO. OF NODE POINTS
Cc NUMNP =NO." OF NODE POINTS .
C NPADJ =ADJACENY NODE POINT NUMBER
C

NADJEL=NUMBER UF ADLACENT EL%SE?TS AT EACH NODE POINT

oS S
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NP I =ELENMENT NOCE POINT I

NP J =ELEMENT NODE POINT J

NPK =ELEMENT NUODE POINT K

NPL ~ SELEFENT NODE POINT L, TF 0, TITANGULAR EUEMENT
NUME =ELEMENT NUMBER BEING CONSIDERED

NOTE- TABLE ASSUMEC TO BE ALREADY ZERDED OUTY

O OO0

g NA(L)=NPI
‘ NA(2)=NPJ
NA{3)=NPK ™~
NA (4 )=NPL
. ICOQUNT =1
3 9 NPNUM=NA{1)
. NADJEL (APNUM)=NADJEL{ NPNUM) +1]
g ¢ MX=NA(2)
3 JCOUNT =1
5 DC 1 1=1,MXADJP
J=1
IF(NPADJUNPNUM. 1) .EQ.MX) GO TO 2
IFINPADJ(NPNI, [).EQ.0) €GO TO 3
1 CONTINUE
WRITE (6,10 .V~ NOME,NPNUMyMX, INPADI(NPNUM, T Y, T=1,MxADJP}
CALL EXIT

(@

13 3 NPADJ{NPNUM, J )=MX
m . 2 JCOUNT=JCOUNT +1
; IF{JCOUNT.GT.3) GO TO &
IF(JCOUNT.CT.2) GN TO 102
- MX=NA(3)
GO TO S
. 102 MX=NA(4)
‘108 IF(MX.EC.D) GO TO 4
: GO TO 5

B 4 GC TO (647989103), ICOUNT
6 ICOUNT=2
NA(1)=NPJ
- NA{2)=NPK
NA(3)=NPI
NA(4)=NPL "~
GG 709

7 1CQUNT=3
- NA{1)=NPK
NA{2)=NPI
NA(3)=NPJ
NA(&4)=NPL
60 Y0 9

N 8 ICOUNT=4
g NA(1)=NPL
v IF(NATYT.EC.0) GO TO 103
NA(2)=NPI
NA(3)=NPJ
NA {4 )=NPK
- GO TO 9

101 FOURMAT(THT,%3HERROR IN FORMING ADJACENT NODAL "POINT ARRAY/
B 121H BLEMENT NJMBER =y 15/21H NODE PO INT NUMBER =,15/
221H AD-ACENT NUDE POINT=, I5//15H NPADJINPNUMyT)/(21X,15))
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c 57
193 RKRETURN A

c

END = v - -
c
c
¢

SUBROUTINE VADINP(MXATIP s NADINP s MAXND s NUMNP 4NPADJ}

DIMENS JCN NADJNP{MAXNP )y NPADJ(MAXNP ;XA DIGP)
.  ICN_ NADJNP{MAXNP )y NPAD Py _
Cxux¥k FORM V+CTOR INDICAT INC THE NUMBER OF *DJACENT NODE POINTS
C AT EACH NOCE POINT
c
Cc MXADJP=FMAX., NO., OF ADJACENTY NUDE POINTS ALLOWED
C NADJINPB8NO, OF ADJACENTY NOCE POINTS AT FACH NODE POINT
C MAXNP =WAX, ND, OF NOCE POINTS
c
C NUMNP =NC. OF NODE POINTS
o NPADJ =ADJACENT NODE POINT NUMBER
c

DC 12 M=1,NIMNP
pt I I=ET, AP -~ T T )
J=1
IF (NPACJY{M, I1.EQ.O0)} GO TO 11
10 CONTINDE "
NADINP(V)=MX ATJIP
GC 1O 12
11 NADJRPUFI=J-1 - ~ 7 -~ 7
12 CONTINJUE

RETURN
c .
END
c
¢ — e e
c
OVERLAY (MOHAN, 3,0 )
PROGRAM LNXY1C
COMMON MAXNP s MXCLSyMXADJP yMXZONE) MXNPB ¢ NZONES ) MXPELB ¢ NUMNP
I HYMELy ISTRESyNUMPEL ,NUMELP 4PERJIOD,NMKCL S,FACTOR,ALAMB,
2 TTRTAPEVRRINy IPRINTyNUMSTy MXSYRTy TELAST{ZC) yIPLAST(20)
3 WGT(20)¢yNSTART(T9),EI1 5,200, IPELT? ¢ [NTNPRCDS,IMPBX
C
DIMENSTCN NPADJ{1600,8),NADJNP( 1600),NADJEL(16CO) NPTN(i600),
INPTP(1600),IGP(BD)sS( 1600}y NPLOW( 80)4NPHIGH{8C}NPOLT(80)
2NUMCP{80)
C - Db AN e
C
ECUIVALENCE {NADJEL( 1)y NPLOW)y (NADJEL(81)yNPHIGH) o (NADJEL(161),
1NPOUT Yy (NACJEL(241 )y NUMCP)
c
MCHAN=S HMOHAN
C iy
REWIND 8
READ(8) (NADJUNP{I)yNACIEL( I} (INPADI(TyJ)sd=1yMXADIP) 41 =1 (NUMNP)
REWIND 8
C
MAXBO=0

0C 57 TI=T,RUMNP ~
NUM=NADJNP{ 1)
DO 5 J=1,NUM

LE A % s o -~ 2 i
- L = S i 2,
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NP=NPADJ(1,J)
NBAN=TABS(NP-])

IF (NBAN.LE.MAXBD} GO TO &
MAXBD=NEBAN

CONTINUE

CALL PATHIMAXNP,NUMNP ;NUMST,NSTARTyNPTN NP TP yMXAD JP y NADJINP s NPAD J,
1IGP,y NJMGP)

WRITE(6,B8Y NUMGP

FORMAT ( 1H],23H NO. OF BASIC SEGMENTS=,15//
123H PARTITICN NEWd NODE ND.//)

WRITE(649) (I,IGP(1)y I=1yNUMGP )
FORMAT (2X, 154 10X, 15)

WRITE(6, 101 MAKBD
FCRMAT (1H1/26H ORIGINAL HALF BAND WIDTH=,15)

MAXBO=0

DO 11 I=1yNUMNP
NPNEW=NPTP(T)

NU M= NADJINP(T

D0 11 J=1,NUM
MP=NPADJ(1y4)
MPNEW=NPTP(MP)

NB AN=T ABS (NPNEW-MPNEW }

IF (NBAN.LE.MAXBD) G} TO 11

MAXBD=NBAN

CCNTINJE

WRITE(6,12) MAXBD

FCRMAT {26H NEAJ HALY BAND WIDTH=,15)

CALL MINT(MAXNP, NUMNP 4NADJNP, MXADJIP 4 NPADJI NP TN NP TP, S,MAXBD)

[F (MAXBC.LT.MXNPB) GO TO 14
WRITE(6,13)

FCRMAT (//720H BANDWICTH TOO LARGE)
CALL EXIT

DO 15 I=1)NJMNP
KN=NADJNP(I)

0C 15 J=14+KN
KT=NPADJ(I,yJ)
NPADJ{1,J):=NPTP(KT)

DO 1 1=1,NUMNP

KP=NPTN(I)

WRITE(8) T,NADIJNP{KP)yNADJEL(KP }, (NPADJ(KP,J),yS=1,MXADJP)
REWIND 8

DO 2 I=1,NUMNP

READ{BY T, NADIJNPTI )y NADJELUTT, (NPADJY(I,4J)yd=1T,MXADJP)

IF{{IPRINT «NE.1) e ANCo( IPRINTANEL.99)) GO TO 19

WRITE(6,16)

FCRMAT ( 1HL38BHTABLE OF NEW ADJACENT MODE POINISYZ/
14X ¢4HNEW 93X 4HOLEC ,6Xy6HNDO . OF, 4Xy 6HNO « OF 427X,
220HADJ+CENT NODE POINTS/4X, 4HNODE, 3X, 4HNODE ,5Xy9HADJ. PTS.
3IXy9HADJ, ELS 495Xy 1HL29X,y 1H2y 9X, 1HY,
4 99Xy IHG ) IX g LHSyIX 9 1HY, 9Ky LHTy Xy LHB/ /)
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4 J
DC 17 I=T,NJMNP ~
KP=NPTN(I)
17 WRITE(6418) [,KPyNADINP( L) NADJEL(T)g(NPADJI{I »J)oJ=1)¥XADUP]}
18 FORMAT{ZIS,ZTIO8TIOY "~ "~~~ - "~»r—rno= = ==~
GC TO 26
¢
19 IFUIPRINT.EQ.D0) GO T3 26
WRITE(6,20)
20 FORMAT (1H1,2iH NEW NUMBERING SCHEME//)
© DC 21 IETyNJMNP, TO ~ =~ °~ o
IF({NUMNP-1).LT.10) IDUM=NUMNP
[F{{NUMNP-1).GE.L0) IDUM=]+9
23 WRITE!6,24) (J,yJ=1,1DUM)
24 FGRMAT (/720H ORIGINAL NODES =y 1018)
21 WRITE(6425) (NPTP(J)yd=1,1DUM)
25 FORMATT 20R NEA ~~~ NODES =, 1018}
26 CCNTINUE
C
CALL STZETUMXCLSyNUMCLS) NPLOWyNPHIGH,NPOUT¢NUMCP yNUMNP ,NXAD JPR,
1 MXNPBs NADJNP, NPADJy MAXNP)
C
KRITETBT NUPLLS, (NPLOWTTY,NPHIGHTTY, NPOLT(T),NLMCP(I ),
1I=14 NUMCLS)
WRITE(B) (NPTN{I)yNPTP{I)y I=1,NUMNP)
REWIND 8 '
C
RETURN™ ~ =~ o
END
c
c
C
SUBROUT INE PATHIMAXNP ¢ NUMNPy NUMSTyNSTART NP TN NP TP 4MXAD JP,
L NADJNPyNPATJ, TGP NJMGP)
C
DIMENS ICN NSTART{NIMST ) NPTN(MAXNP ) yNPTPI{MAXNP } yNADJINP {MAXNF) ,
INPADJ{MAXNP, MXADJP )}, ICP( 1)}
C
C NUMST =N0. OF START NODES '
C NSTART=STARTING NOUTUE NJMBERS T ’ T
c NPTN =0LD NODE NOS. IN NEW SRDER
c NPTP =NEW NODE NOS. IN OLD JRDER {
C IGP =LAST NODE iIN PARTITION
C NUMGP =N0. (F PARTITIONS
C
KCUNT=0 "~ ~ 7~ o T
IN=)
DC 1 [=1,NUMNP
NPTNI(I1=0
1 NPYP(I)=0
C
pC 2 TS1IyNUMST
NP=NSTART( 1)
NPTPINP)=1IN
KCUNT=KCJUNT+1
2 NPTN(KOUNT )=NP
c
iGPUIN)=KOUNT
c

00 7 [=1,NUMNP

ey

2 ume 1355
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60
IFINPTP(T)cNELIN) GO YO 7

NU M= NADJINP (1)
S0 3 J=14NUM.
NPiNPKﬁjTT73T )
iF{NPTP(NP).NE.D) GO TO 3 |
NPTPINP)=IN+1

KOUNT=KOJNT+1

NPTN(KOUNT )=NP

IF (KOUNT LEQ. NUHNP) GO T0 5
CCNYINDE 77

CONT INUE

IN=IN+1
IGPLIN)=KOUNT
G 1o 4 B o
IGP(IN+1)=KOJINT
NUMGP=IN+1

DC 6 I=1,NUMNP :
NPOLD=NPTN(T) :
NeTRINPCLD)=T )

RETURN o

TEND !

SUBROUT[NE MXNI(‘AY“K NUMNP'VADJNP MXADJP,NPADJ.NPTN NPTP S,

1

1

MAXBUP)

DIMENS ICN NADJNP(MAXNP), NPADJ(MAXNPoWXADJP)’VPTN(MAXNP).
NPTP(MAXNP)oS(MAXNP)

S =VECTOR OF WEIGFTING FACTORS
MAXBDP=MAX. PREVIOUS BANDWIDTH !
MAXBC =MAX. BANDWIDIH

COMPUTE WEIGHT ING FACTORS FOR OLD ORDER

DO 1 I=1,NUMNP

S(I)=FLCAT(I])
NPOLD=NPTN(T)
NUM=NADJINP(NPOLD)

DC 2 J=1,NuM
NADJ=NPADJTNPOLD; J)
NPNEW=NPTP(NADJ)
S{II=S{I)+FLOATINPNEN )
S(I)=S {11/ FLOAT{NUM+1)

SORT S "VECTOR AND REORDER NUDES

CALL SORTL(S,NPTNyMAXNP ,NUMNP 1o 1514 1)
C-MPUTE BANDWIDTH OF NEW ORDER

MAXBD=0

O0 T&  1=T,RIJMNP T

NPOL D3 NPTN(T)

NU M= NADJINP (NPOL D)




IR ST

OO0

OO0 (g

c
c
c
C
C

11

100

15

10
14

12

16

0C 10 J=1,NUM

NADJ=NPADJ(NPOLD, 4)

DC 11 K=1,NUMNP

KKK e -

IF(NADJLEQ.NPTN(K)) GO TO 15

CCNTINUE

WRITE(6,100) I,NPDLD, (NPTN(L },L=1,NUUNP )

FORMAT {1HLs13HERROR IN MINI//10X,2110//(1CX,1CI10)}
CALL EXIT

RPNEW=KK — — ~—~ 7 ° ~ ooy T
NBAN=TABS (NPNEW-1I)

IF (MAXBD.LT.NBAN) MAX BD=NBAN

CONTINJE

CONTINUE

WRITE(S,6T WAXBD
FCRMAT (26H NEA FALF BAND WIDTH=,15)

IF(MAXBCP.LE.MAXBC) GO TO 12

D0 5 I=14NUMNP
NPOLD=NPTNTUTY
NPTP(NPCLDI=I
MAXBOP=MAX 8D
G0 70 3

00 16 I=1,NUMNP

NPNEW=NPTP(T) ) ’ )
NPTN{NPNEW)=1]

RETURN

END

SUBROUT INE SORTL( IARRAY » JARRAYy MXRCDSeNRECOS,

LIWRDS ¢ JWRDS ¢ IKEYy ISAT )

DIMENS ICN TARRAY{MXRCCSy IWRDS },JARPAYIMXRCDSy JWRDS)

TARRAY=ARRAY TO BE “NRTED
JARRAY=ASSCGCIATED . “~AT MAY BE SORTED AS JARRAY

MXRCDS=MAX. NO. (. o7 TN ARRAYS
NRECDS=N0O. OF RECC. - SORTED
IWRDS =WORCS PER RECu. TARRAY

JWRDS =WORCS PER RECORD FOR JARRAY
IKEY" =TLOCATION IN TARRAY RECORD OF SORT WORD
ISWT =0 ONLY SORT [IARRAY

=1 ALS(O SORT JARRAY

LCGICAL CHECK
M=NRECDS-1

CHECK= . FALSE.,
DO &5 I=1,2
oC 2 J_=IvM92‘

IF (I ARRAY (Jy IKEY } JLEL IARRAY(J+1y IKEY)) GO T 2
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DO 3 K=1, IWRDS

ITEMP=TARRAY { JyK)

LARRAY ( JyK)= [ ARRAY{ J+1,K )
3 TARRAY (J+1,KISITEMP 777

IF(ISWT.EQ.0) GO TO 5

B0 & K=1,JWRES

JTEMP=JARRAY ( JyK)

JARRAY (JyK)I=JARRAY( J+1,K)
4 JARRAY {J+1,K)=JTEMP

CHECK=,TRJE.

Vi

N

CCNTINUE

6 CCNTINUE
¢ ol
IF(CHECK) GO TO 1
RETURN
END

SUBROUT INE STZE(MXCLS yNUMCLSyNPLOYyNPHIGH,NPOLT,NUMZP {NUMNP,
LMXADJIP, MXNPBy NADINP,NPADJ s MAXNP )

DIMENS ICN NPLON(MXCLS )yNPHISA(MXCLS )y NPOUTIMXCLS) yNUMCP {MXCLS)
DIMENS ICN NADJINP{MAXNP ) NPADJ(MAXNP s MXADJP)

0C 1 I=1,MXCLS
NPLOW(I1)=0
NPHIGH(T)=0
NPQUT (13=0

1 NUMCP(I)=0

ICOUNT=1
NPOUT (1)=0
NPLOW(L1)=1

MP=]

B MPLRG=0
MPSML=NUMNP
NPLRG=D
NPSML=NUMNP

T NUM=NACJINP{NP)
LPLRG=0
LPSML=NUMNP
00 2 J=1yNUM
NPNUM=NPADJIND,y J)
IFINPNUN.GT . NPLRG) NPLRG=NPNUM
IF(NPNUM,GT«LPLRG) LPLRG=NPNUM
TFINPNUMSLY o NPSML) NPSML=NPNUM
[FINPNUP.LTLLPSML) LPSML=NPNUM
2 CONTINUE

IF({LPLRG-LPSML+1).LEMXNPB) GO TO 3

IDUMMY=LPLRG-LPSML+]

P
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000 O0onoo

63 | 4-26
WRITE(6,103) NP, [DUMMY

103 FCRMAT (1H1,13HERROR IN SIZE/29H BAND WIDTH TOO LARGE AT NODE,

3

102

101

115/12H BANC A IDTH=, 15)
T T 6 2 e

IF ({NPLRG-NPSML+1).GT JMXNPB) GO TO 4

IF{MPLRG.LT<.NPLRG) MPLRG=NPLRG

IF(MPSML.GT«NPSML ) MPSML=NPSML
IFINPGESNUMNRI GO0 S~ = o e
NP=NP+1

GC 10O 7

NPOUT { ICOUNT ) =MPS ML -1

NUMCP( 1CQUNT ) =MPLRG |
NPHIGHUTCOUNT J=NP ” o
NUMCLS = ICOUNT

DC 9 I=1,NUMCLS

IF INPOUT (1) .GENPLOW( 1)) NPOUT(T)=NPLOW(I)=1
IF(NUMCP(I).LTNPHIGHU [)) NUMCP( [)=NPHIGH(I)
Conmn g - s T NERAGRE R RUARE LR

RETURN

NPOUT (ICOUNT ) =MPSML-1

NUMCP(ICOUNT )=MPLRG

NPHIGH{TCOUNT y=NP -1

ICOUNT=1COUNT +1

IF{ICOUNT.LE.MXCLS) GO TO 101

WRITE(6,9102) NP,NPHIGK( ICOUNT ), NUMNP, ICOUNT
FORMAT {1H1,25HT () MANY CLUSTERS IN SIZE//
110Xs4110) :

CALL EXIT

NPLOW( 1COUNT )=NPHIGH({ ICUUNT=1)+1

GC ro 8

END

OVERLUAYTMOHAN, 4,0 " ) ST T

PROGRAM LNK1D

COMMON MAXNP, MXCLSyMXADJPyMXZONE9MXNPByNZONES)MXPELB y NUMNP ,

1 NUMELy ISTRES yNUMPEL , NUMELP,PERTDOO,NMKCL SoFACTOR,ALAMB,
2 KT APE ) KRINy IPRINT ¢y NUMSTyMXSTRT, IELLAST{2C) o IPLAST(20)
3 WGT (20 ) yNSTART(79),EL{5,20)y IPELTP 4 INTyNPRCDS,IMPBX

DIMENSICN NPT P(1600),NPTN(1600)

DIMENS ION NPLOW(8O)yNPHIGH( 80)y NPOUTL 80)yNUMCP (80) ¢NELCLS(80)
1 +NMPCLS(B0)

DIMENS ICN TMP(15000)y NTMP{ 150001, SSL10)4HS(10)

EQUIVALENCE (TMP,NTMPY)
MOHAN=5HMOHAN
REWIND 1




TR AR T

Py

g4

‘;?ﬁﬁﬁﬁﬂﬁﬁiﬁiﬁiﬁﬁﬁiﬁnﬂid#hﬂﬂﬂﬁmﬁ;ﬁhhuﬁEnﬁﬂﬁﬁhﬁﬁiﬁiﬁﬁi‘ﬁﬁiﬁzﬁhnmﬂﬂﬂnuum“_

AT

29
27

30

31

- 33

48

34

- 35

* 32

SR P Tl o S e e RSTTTE Raaardbalieg o0 ol e St e —y

REWIND 3

REWINC 8

DC 1 I=1,MJMNP S
READ(B) Ty NTMP(TE,NTMPL I, (NTMP{J )y J=1,MXADUP)
READ(3) NUMCLS ) {NPLOA{ 1)y NPHIGH{ [)yNPOUT(I) NUMCP(I),
11=1,NUMCLS)

READ(8) (NPTN(I),NPTP(I), i=1yNUMNP)

REWIND 8

DC 27 NN=1,NUMEL ~

READ(l) -‘JO lZlKASE’ l,J'K'LvNC
I=NPTPII)

J=NPTP(J)

K=NPYP(K)

IFIL.EQ.D) GO TU 29

L=NPYP(L)

KEY=MINO(I,J0sK,L)

G0 TG 27

KEY=MINO(1,J,K)

WRITE(3) KEY Ny IZ+KASEy I9JyKeLeNC
MXRCDS=15000/39
NWRDS=9
CALL GSCRT(NT MP,NUMEL yNWRCSy 1, MXRCDSy3y1:v4,12)

REWIND 14

REWIND 3

DO 30 N=lsNUMNP

READ(14) [,4R,DyIT,TH

NP=NPTP(1!)

WRITE(3) NPy R,0, iT,TH

MXRCDS= 150000/5

NWRDS =5

CALL GSCRT(NTMP, NUMNP,NWRLSy 1+ MXRCDSy394,1C,12)

DO 31 I=1,NUMNP

READ(4) NoRyUIT,TH

READ(14) NICNES

WRITCG(4) NZONES

DC 52 MNN=1,NZONES

READ(14) Ty 1EyIPydy{EI{I)yd=1,5)
WRITE(4) Is TEy IPsWo{ EI(J Vs Jd=1,5)
IF(IP.ER.D)Y GO TO 32

IF(IP.GT.1) GO TO 33

READ(14) Ny (SS5{J)9Jd=0 9Ny LHSUJ }ed=14N)
WRITE(4) Ny (SST1J)ed=1gN)y (HS(J)eJ=14N)
GC TO 22 | " | '
IF(IP.GT2) GO (O 48

READ(14) AyB, L

WRITE(4) AyB.C

GO TO 32 )

IFiIP.GT.3) GO TU 34
READ(L4YAsBy 29Dy Ey FeMYIELT,) IRESIDyJ TENSN
HRITE(4)A¢ByCo Dy Ey Fy MY TELL, IRESTDyJ TENSN
GO 70 32 A

WRITE{6435)" IPyN

FORHAT {1HL 21 HERROR "} L 1T, IPLAST=,15,94 FOR Z0Nt,15i}
CALL EXIT

CONTINUE

DC 40 1=1,MXCLS .

’
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40 NELCLS(I)=0
NUMELP=0 '
IF (NUMPEL.EN.O) GC T0 39 ‘ : '
REWIND 37 ) ’ !

D0 36 NR=1,MUMPEL
READ(14) NyIZ,1PyI, J,KpL,VCy[T[yITJ;[TK.!TL,TH[.THJ,THK;THL.
LRY yRUIRKyRLyZ 142 J9s2Ky 2L . '
I=NPTP(I]) ' ' -

J=NPTP(J} '

K=NPTP{K)

IF(L.EQ.D)Y GO TO 37~

L=NPTPR(L}

37 DC 41 JJ=1,NUMCLS
IF{(I.GENPLUMW{JI ) cAND (I.LE.NPh[GH(JJ))) GO 10 #42
IF{{JaGELNPLCHEJU}) dANDLEJLLENPHIGH{GJ)): GO 1D 42
IF(TK.GENPLON(II )] ANDLUKJLEWNPHIGH{JIJ))) GO, 10 42 ' ' )
IF((L.GE.NPLOW(JJ) }.AND. (L-LC.NPHIGH\JJ)‘) GU 10 42
GC T0 41

62 WRITE(3) JIyNeIZ, TPy 1o e Kol o NCy ITTo ITJ,ITK,1TL ,THT, THV,THK'

ITHL,RI yRJy RK, RLye I92d42Ke2L ' )
NUMELP=NUMELP+1
NELCLS UJIT=ENELCLS TJJ) +1 .

41 CCNYINUE .

36 CONTINUE ,
REWIND 3 i : o : :
REWIND 14 ' '
MXRCDS= 15000/25 .

NWRD5=2% ~ o
CALL GSORT{NTMP,NUMELP, NNRDSploMXRCDSv3le 1Cs 12)
REWIND 14
00 38 NN=1,NUMELP"
READ(14) JJyNgIZ 3 IPy Lol o KeLyNCo ITI, ITJ, ITK,ITL,, ' .
LTHTL yTHY 3 THKy THLs RIpy RIS RKyRL,Z 192J92Ky2L . :
38 WRITETEY JIa Ny IZ v IPy Ty 2s KoL aNCo ITE, IT, 11K, 1TL,
TTHI ¢ THIyTHKy THLy RI¢ Ry RKy RL:ZXQZJ:ZK:ZL
39 RFWIND 14 .

REWIND 4
OC 47 I1C=1,NJMCLS
KC=0

IF((NELCISTTC)/MXPELB)*MXPELB.LT.NELCLS(iC7) KC=1 '
IF (NELCLS(IC) .EQ.0) KC=0
NVPCLS ( 1C)=NELCLS{ IC)/MXPELB+KC
47 CCNTINUE
DC 43 §=i, NJMNP | '
43 READ(8) [,NTMP(I},NTMPLT)y(NTHP{J ), J=1,MXADJIP)
WRITE(ST) NUMCLS;(NPLO&(I).VPHIGH(l)oVPOLT(I!,NLMCP'!):NELCLS(I).
INMPCLS {11, I= 1,NJMCLS) .
WRITE(8) (NPTNUI)sNPTP( L), I=1,NUMNP )
REWIND 8 ; !
WRITE(6444) NJMCLS
44 FCRMAT (1H1,10HCLUSTERING// 10X, 16WND o« GF CLUSTERS=,15//
110X, SHNPLOW, 5X 4 6HNPHIGHy 4X 4 SHNPOUT, 5X, SHNUMCP 5 5X, 6HNELCL S5 X
26HNMPCLS// ) .
WRITE(6445) (NPLOW(C [)oNPHIGH( [}y NPOUT(T),NUMCP (1) ,NELCLSII)
INMPCLS (1) 1= 1y NIMCLS) ,
45 FORMAT {5X,6.10)

WRITE(6,46) NUMFLP
46 FCRMAT{//35H NO. OF NUNL INEAK ELEMENTS ON TAPE=,15)
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SUBROUT INE GSORT(IARRAY;NRCDS.NNRDS.VKEY,MXRCDSo
L INTAPE,IQUT AP, INT 1, INT2)

DI MENS 10N .TARRAY { MXRCCS,NWRDS)

TARRAY=BUFFEK STORAGE REGTON

NRCDS =N0. OF RECORDS IN ARRAY TO BE SURTED

NWRDS =hC. BF WORCS PER RECORD

NKEY =L0OCATION OF WORD 10 BE SORTED ON

MXRCDS=VMAK. SIZE OF BUFFER REGION AV ILABLE (INPUT)
INTAPE=INPUT TAPE A4 ITH ORIGINAL DATA

10UT AP=CUYPIT TAPE wilTH REORDERED DATA

IAT = INTERMEDIATE TAPES

" u

| ;
REWIND INTAPE
REWIND 10UTAP
REWIND INT1 , !
REWIND INT2

IF(NRCDS.GT.MXRCDS)’GO T0 1
INTERNAL SCRT ONLY REQUIRED'

DC 2 I=1,NRCDS

READ{INTAPE) { TARRAY( [+J)sJ=1,NWRDS)

CALL SORT2(TARRAY , IARRAY ¢y MXRCDSyNRCDSyNWRDSyNWRD SoNKT ¥, N}
DO 3 I=1,NRCDS

WRITE(ICUTA®) (ITARRAY(I,J1,J=1,NWRDS)

REWIND INTAPE ,

REWIND ICUT AP ‘ :

RETURN

TAPE SORT ROJTINE REQUIREL

IXRCDS=(MXRCDS/ 4

CALL TSCRT(TARRAY MRCCSy IXRCDSyNWRDS)NKEY,
1] INTAPE, JOUT AP, INT 1, INT2) ‘

RETURN ’

END , . '

'

SUBROUT INE S ORT2( IARRAY y JARRAY, MXRCDSyNRECD S+
LIWRDS s JWRDS s TKEY s ISWT }

\}

DIMENSICN IARRAvthRccsgprus Yo JARRAYIMXRCDSy JWRDS)

[ARRAY=AR 'V TO BE SORTE% .
JARRAY=ASL  _IATED ARRAY {HAT MAY BE SORTED AS IARRAY
MXRCDS=MA, NO. UF RECORYS IV ARRAYS
NRECDS=NO. OF RECURDS TC' BE SORTED
IWRDS SWORCS PER RECORD #UR IARRAY
JWRDS =WORCS PER RECORD FOR JARRAY
IKEY =LGCATION IN IARRAY RECORD UF SORT WORD
ISWT =0 ONLY SGRT [ARRAY
=1 ALSU SORT JARRAY

TR L s T T oo vy
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LOGICAL CHECK
M= NRECDS -1

(g

B 1 CHECK=.FALSE.

be 6 1I=1y2

R R R e

pCc 2 J=14My2

3 B IF(IARRAY(J, IKEY ) LE. IARRAY{J+1, IKEY}) GO TDO 2

] OC 3 K=1,IWRDS
- ITEMP=TARRAY { J4K)
TARRAY { JyK)= L ARRAY!{ J+1,K)
3 TARRAYTJ+I;K)=ITEMP

IF(ISWT.EGQ.O0) GO TO 5

DO & K=1,JHWRDS
- JTEMP= JARRAY (JyK)
: JARRAY { Jo K)=JARRAY(J+1,K)
3 4 JARRAYTJ*#I,KT=JT EMP”

] 5 CHECK=.TRUE.

2 CCNTINUE
6 CCNTINUE
c e e e e e
I¥{CHECK) GO TO 1
RETURN
END

OO

B SUBROUT INE TSORT{ JARRAY NRCDSy IXRCDS NWRDS,NKE Y,
LINTAPE, IQJTAPR, INT 1, INT2)

- DIMENS ION TARRAY({ IXRUCS,NWRDSy 4}y CHECK{2),ISKT(2),I0UT(2),,JNLKF(2)
tCGICAL CHECTK
C*%x& READ INTAPE,SORT GROUPS,AND SPLIT ONTO INTL AND INT2

iRCDS=0
E ISWC=0
3 JNUMT LYy —— —° T T
A JNUM(2)=0
KT APE= INT 1
3 IF({IRCOS+IXRCDS).LE.NRCDS) KN=IXRCDS
- IF((IRCDS+IXRCDS ) «GT JNRCDS) KN=NRCDS-IRCDS
DO 1 I=1,KN
I RFAD{INTAPEY { IARRAY(7,J,1}),J=1,NWRDS)
- IRCDS = [RCDS +KN
CALL SORT2(IARRAY, JARRAY, [XRCUSy KNy NWRDSyNHRDS {NKEY,0)
WRITE(KTAPE) KNy (§ TARRAY( I,Jy 1) J =15 NWRDS) I =1,Kid}
- IF{ISWC.EQ.D) GO TO 2
TSHC=0
JNUMIZT=JNOMT2)+ 1
- KY APE= INT 1
GC 70 &

Ly aen o - , epuonGRURESRNENEL .ej
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2
4

C
Caenk

C
5

C

C
900

C

C
902
800

C
901

C

C

C
7

c
6

c
9

C
8

C
Cemtk

c

b8

ISWC=1

JNUM{L)=JNUM(1)+1

KY APE= INT2

IF (1RCOS.LTSNRCDS) GO TO 3

SORT RECORC CLUSTERS ON INT1 AND INT2

REWIND INTAPE
REWIND T1QUTAP
REWIND INTT 7
REWIND INT2
DC 5 1=1,42
[SWT{I)=)
KP1=INT1
KP2= INT APE
LPi=INT2 =~ 77
LP2=10UTAP
[COUNT=2

I=1

CHECK{1)=.FALSE.
CHECK(2)=.FALSE.

IF(ICOUNT.EQ.1) GO TO 80O
ICOQUNT=1

GC YO 901

[COUNT=2

0C 100 NC=1,2
IF(ICQUNT.EQ.2) GO TO 6

IF(NC.EC.2) GO TU 7
KT1=KP1
KT2=KP2
GO TO 8

KTl=LP1
KT2=LP2
GO 10 8

1E(NC.EC.2) GO TOH 9
KT1l=KP2

KT2=KP1

GC TO 8

KT1=LP2
KT2=LP1

IFLISWTINCY.EQ.1) GO TO 100

READ FIRST TAOD SORTED CLUSTERS

J=1
READ (KT 1) KN1.((IARRAY(K.L,1).L=1.vu&05).K=1.KN1)
IF(1.EQ.1) GO 7O 200
WRITE(KT2) KNl,(xxARRAV(K.L,1).L=1.Nwaosx.x=x,KN1)
J=2

A-31
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e e T

200

Crekx

201

203

04
205

209
210

211
208

202

212

213
214

216

217
218
215

t;g A=32

READ(KT1) KNL,{{ TARRAY(K, Ly 1) yL=1,NWRDS),K=1:KN1}
J=J+1
READ(STl}_Ksz((lARRéY‘Kr%t2)'F=12“H§DS’vK=1QE§%X-

SCRYT TG CLUSTERS

K=1
=1
M |
M2 = KN] +KN2

IF(TARRAY(KyNKEY,y 1} JLE.TARRAY{L,NKEY,2}) GO YO 202
CHECK{NCI=.TRUE.
IF{M.GT L IXRCDS) GO TQ 203

Ml=M

IS=3"""" ™~ ~ i T T
GC TO 204

Ml =M-IXRCDS

1S=4

DO 205 N=1,NWRDS

TARRAY { ML 4Ny IS )= TARRAY(L N,y 2)
M=Mel T T -

IF(M.GT.M2) GO TU 300

=L+l

IF{L.LE.KN2Y GO TOQ 207

DO 208 KM=K,KNI
IF(M.GY L IXRCS) GO TO 209

Mi=#4 ~ 7

1S=3

GC 70 210

Ml =M~-]XRCDS

[$=4

0O 211 N=1,NARDS
TARRAY{FI,N, IS )= TARRAY(KM,N, 1)
M= M+]

GC TO 300

IF(M.GT.IXRCDS) GO TO 212
M1=M

15=3

GO TG0 213

M1=M-1XRCOS

15=4

DO 214 N=1,NWRDS

TARRAY {M14Ny 1S)=TARRAY(KyNy 1)
MRS AY
IF{ M.GT.M2) GU TO 300
K=K+ 1

IF{K.LE.KN1) GO TO 207

D0 215 LM=L,KN2
IF(M.GT.IXRCDS) GO YO 216
LA AR AT
1S=3

GC TO 217

M1=M-1XRCDS

1S=4

DO 218 N=1;NARDS

TARRAY { FT,K, 15 1= TARRAY{LM,N, 2}
M= M4 ]

G0 TO 300

PG L o Sach S 4 T TR TN T ror Ty s
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219

220

100

106
102

103

104

105

108

107
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WRITE TWO MERGED ARRAYS ONTO 2ND TAPE

WRITE(KT2Y KN1,(( TARRAV(KosL93)9yL=1,NWRADS)yK=1,KNL1}
WRITE(KT2) KN2,({ IARRAY(KyLy4)yL=1oNWRDSIyK=14KN2)

IF{J.GE.{JNUMINC)I-1)) GU TO 219
READ{KT1) KNLy({ TARRAY{K, Ly 129l =1y NWRDS)sK=19KN1)

READ(KTL) KN2y({ TARRAY(KyLy209L=1sVWRDS),K=14KN2)

J=J+2
GO TU 201

[CUT (NC)=KT2

[F(J.EQ.JNUM(NC)} GO TO 220

READ(KT1) KNI,{((TARRAY{KyLy1lisL=1yNWRDS)sK=14KN1)
WRITEUKT2) KN1,y {{ TARRAY (KL 13y L=1yNWROS)yK=14KN1)
REWIND KT1

REWIND KT2

CONTINUE
I=1%1

IF(UNUM(1).EQe2) ISWTI(L)
IF(UNUM(2).EQ.2) ISAT{2)

1
1

IF(1.EQ.2) GO TO 902

IF(.NOT JCHECK(L}) ISWTI(1)=1

[F(NOTLCHECK(2)) ISWT(2)=1
IF(CISWT{1YeEQol) AND W ISHTI2).EQ.1)) GO TO 1C1
GC T0O 902

MUST NOW MERGE THE TWO ORCERED TAPES

KP1=10UT(1)

KP2=10UT(2)

REWIND INTAPE

REWIND I0UTAP

REWIND INT1

REWIND INT2

IF(KPL.NE. INTAPE) GO TO 103
IF(KP2.NE, IOUTAP) GO TO 102
INTER=[INT1

GC TO 400

INTER= [ CUT AP

GC TO 400

IF(KPl.NELIOUTAP) GO TO 10S
[F(KP2.NE, INTAPE) GO TO 1C4
GC TO 106

INTER=INT APE

GO T0 400

IF(KPL.NEJINTL) GO TO 107
IF{XP2.NE. INTAPE) GO TO 108
GC 70 102

IF(KP2.NE. IGUTAP) GO TO 102
INTER=INT APE

GC TO &0
[F{KP2. hE, IDUTAP) GO TO 102
GO 70 106
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400

405

402

403

404

500

503

502

501

504

600

601
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71 A-3k

FIRST TAPE IS KP1l , HAS JNUM(1) CLUSTERS
SECOND TAPE IS KP2, HAS JUNUM(2) CLUSTERS
MERGED TAPE TS INTER ' T T

Jl=1
J2=1
READ(KPL) KN1y{{ TARRAY( I19Jy 1)9J=14NWRDS)yI=19KN1)
READ(KP2) KN2,y ({ TARRAYL I4J92)yJ=14NWDS),I=1,KN2)

K=1

t=1
IF({IARRAYTR; NKEY, 1) LE. IARRAY(L,NKEY,2)) GO TO 401
WRITE(INTER) (TARRAY(LyMs2)yN=19yNWRDS)
L=+l

IFTL.LECKNZT GO TU0 402

DC 403 KN=KyKN1

WRITE(INTER) (TARRAY{KNyNy LisN=194\NWDS)
GO0 TO 500 7 °

WRITE({INTER) (TARRAY(KyNo 1)yN=19yNWDS)
K=K+1

IFIK.LEJKNIY GO'TU 4027

DO 404 LN=L,KN2

WRITE(INTER) {(TARRAY(LNyNy2)yN=1,NWIDS)
GC TO 500~

NI 1 £ D

J2=J2+1

IF((J1eLE«JUNUM(L) )eANC{JZ2.LELINUMI2))) GO TO 405
IF{(JI.GTOINIMIL) ) ANCL{J2.GTINUME2))) GO TO 600

IF(J2.GT.JNIM(2)) GO TO 501

READTRPZT RKNZ, (U TARRAYT 1734y 2)93=1,NWRDS )y I1=1,KN2)
DC 502 I=1,KN2

WRITE(INTER) (IARRAY( I+Ny2)sN=1yNWDS)

J2=J2+1

IF{J2.6T.JNUM(2)) GO TO 600

GO T0O 503
READ{KP1) KN1,((TARRAY(I4Jy1)sJ=14NWIDS),I=1,KN1)
D0 504 I=1,KNL

WRITE(INTERY (JIARRAY( I;Ny1)sN=1,NWDS)

J1=J1+1

[F{J1.GT.JNUM(1)) GO TO 600

GO TO 50T

REWIND KP1

REWIND KP2

REWIND INTER

IF(INTERLEQ.IOUT AP) RETURN

DC 60T "T=TyNRTDS
READ(INTER){ T ARRAY( 144y 1)yJ=1,NWRDS)
WRITE(ICUTAP) (TARRAY(1sJy1)eJ=1sNWRDS)
REWIND INTER

REWIND IGUTAP

RETURN
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END

OVERLAY (MOHAN,5,0 )

PROGRAM LNK1E

CCMMON MAXNPyMXCLSyMXADJIPyMXZONEyMXNPB ,NZONES, MXPELS g NUMNP,
NUMEL , ISTRESyNUMPEL ¢y NUMELPPERIOD,NMKCL S,FACTOR,ALAMS,

1
2 KTAPE)KRJINy IPRINTyNUMST,MXSTRT, TELAST(2C) »IPLAST(20)»
3

WGT (20T yNSTART{ 79T, E1(5420), IPELTP 4 INT,NPRCO Sy IMPB X

DIMENS ICN NPTN{1600),NADJNP( 3501 ,NPADJI( 350, 8) yNADJEL (350}
1yR{350),20352), ITYPE(350), THETA( 350}, XMASS{35C)

DIMENS ICN C(4,4)4CKI8,8), AINT(23)

DIMENS ICN SNPUJ(350), SNPUW( 350, SNPUWWI 350}, SADLUY{(350,8)
1sSADUW(380,6),SADWU{(350,8)y SADUW( 350, 8)

NCHAN= 5 HMOFAN

REWIND 1
REWIND 4
REWIND 8
REWIND 10
REWIND 12

KEND=0
NPQUT=0
NUMCP=0
NUMNPB=0
NPR= MXNPB
K¥=1

KEND =INDICATES €ENC OF ELEMENT DATA
NPQUT =NJM. OF COMPLETE NODE POINTS JUT ON TAPE
NUMCP =NUM. OF COMPLETE NODE POINTS
NUMNPB=NJM. 'OF NOCE PDINTS IN BUFFER
NPR =NO. OF NODES REMAINING 7O BE CIOMPLETED IN BLFFFR

KX =BEGINNING OF REGION YJ BE ZERJED OuT
ZERC OQUT BUFFER REGION

ISWTCH=1

GC YO 900

READ IN FIRST RECORCS

[F(NUMNP.LT . MXNPE) NUMNPB=NUUNP

IF(NUMNP.GE. MXNPB) NUMNPB=MX\PB

DC 3 I=1,NUMNPB

READ(8) NPNy NADINP{ 1), NADJEL( 1), (NPADJ(1430yi=14MXADJP)
READ(4) NPNyR(OI) 2(1)y ITYPEL )y THETA(L)

CONTINUE

ICOUNY=0
READ(L) KEY ,NUME, [ZCNE)KASE,NTTyNTIJ¢NTKyNTLyNCRACK
TCOUNT=TCOUNT +1
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LNP= MAXO UNT T, NTJ, NTK, NTL )

IF((LNPfN?GJTbaGT.MXNPB)_GO T3 100

SUFFICIENT ROOM IN BUFFER REGION

OO o

6 NPI=NTI-NPCUT
- NP J=NT J-NPCUT
NPK=NT K-NPCYT
IFINTLCEQ.DY NPL=O
- IF(NTL.NE.C) NPL=NTL-NPOUT
$1=0.0
C1=0.0 B
- IE=TELAST( IZONE)
b Al=El(1,IZCNE)
3 A2=ET(Z,IZTNET -7 s
- A3=EI(3,IZCNE)
A4=El(44,12ZCNE)
A5=E1(5,IZCNE)
" RHO=WGT(IZCNE)/ (386.,4%1728.)
CALL ELAST(IE, ISTRES)AlyA2:A3,A4,A5,CNUME)
CALL STYFFURKASE,NPIyNPJ,NPKyNPL o NURE,MYNPB, ISTRES)CyR»ZyCK,AINT,
- 1S1,C1 4 NCRACK) '
CALL ADJUSK{MXNPB,CKy ITYPE, THETA,NP I,NPJJNPKsNPL)
CALL DISTK{MXNPB,MXACJP,CK, SNPUU, SNPUW, SNPWW, SADUU, SADLW ,SADWL ,
: - LSADWW s NPT NP JyNPKyNPL s NPACJ, NPOUT)
1 IFINCRACK.EQ.1l) GO TO 5
CALL MASSTPXNPByRHOWR,Z4+AINT, XMASS, S1,Ci,NPI,NPJFNPK,NPL,I STRES)
5 WRITE(12) KEY,NUMEy IZONEYNT Iy NTISNTK,NTL NCRACK,
1OIC(Tsd)s1=144)0d (94 )y KASE;S1yC1

LM e

} IF(ICOUNT LLT S NUMEL) GO TO 4
KEND=1
KEY=NU MNP+T
- c
C*&x%x INSUFFICIENT ROOM IN BJFFER REGION
c
] 100 NUMCP=KEY~1
NUMNPB=NJM§P—NPDJT

B C PRINT STIFFNESS TABLES

113 CALL PRNK(MXNPB,MXACJPy NADJNP 4 NPADJ s NADJEL , IPRINT, SNPULU,
B LSNPUWySNPHW) S ADJU s SADUNy SADWU, SADWW, THETA, [ TYPE ¢ XMASS,NPOUT,
2NUMNPB)

C
B C WRITE ST FFNESS TABLES ONTO TAPE 10 WITH MASS VECTCR
C

DC 101 I=1,NJMNPB
- 101 WRITE(LO) I o NADJINP{ 1)y ITYPE( T ) THETA(I) o XMASS(I )4 SNPLU(E) ,
LENPUW(T)9SNPAA( Ty INPADJ(I5J )9 SADUUL T9J )y SADUW(T 4 J) 4 SADWULT yJ)
"2 SADWWTT,JTyJd=1,MXADIP)

IF(KEND.EQ.1) RETURN
NPR= MXNPB-NJMNPS
GC 70 902

c ZERD REFATNING BJFFER AREA

107 KX=NPR+1

IPRNCOR

OO R S PN
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ISWTCH=2
GC TO 900

READ IN REWMATNING NOCFE POINT AND ADJACENCY DATA TO FILL IN BUFFER

IF C(NUMNP=NJMCP) .LT MXNPB) KNP =NUMNP-NUMCP-NPR

IF LINUMNP~NUMCP) . GEMXNPB) KNP =MXNPB-\PR

DO 103 I=1,KNP '

L=NPR¥| )

READTE )Y NPN, NADINPTL),NADJEL(L }o INPADJ (L, J)9J=1,MXAD JP)

" READ!4) NPNyR{L),Z(L),ITYPE(L ), THETA(L)

109
C N
CHk&*

902

903

CHtks

300

CONTINUE
NPQUT=NUNMCP
GO TO 6 '

TRANSFER PART “UF NOTE BUFFER REGION

DC 903 K=1,NPR

L= NUMNPB+K . !
NADJNP (K)=NADINP(L)
NADJEL(K)=NADJEL(L)
ITYPELKI=TTYPE(L)
THETA(K) =THETA(L)

RK) =R(L) ' :
Z(K} =Z(L)

XMASS (K) =XMASS{L) }
SNPUU(K) =SNPUU(L)
SNPUW (KT 2SNPUNLLY”
SNPWWIK) =SNPWA(L)

OC 903 J=1,MX ADJP

NPADJ (K J)=NPADJ(L,J)
SADUU(KyJ)=SADII(LyJ)
SADUW(KyJ)=SADUA(LyJ)
SADWU Ky JISSADNI(L, 3
SADWW (K¢ J)=SACHN (L, J)

GC 10 107
ZERC OyT BUFFER REGIUN SECTIIN ASSICIATED WITH NODE DATA

DC 901 L=KX, MXNPH
NADJNP (L =0

NADJEL(L)=0 : s
ITYPE(L)=D '
THETA(L)=0.0

R{L)I=J .0

2(L)=0.0

XMASS (L)=D 40

SNPUU(L)=0.0

SNPUW(L)=0.0

SNPWH (1)=0 .0

DC 901 J4<1,MXADJP
NPADJ(LyJ)=0
SADUUEL,J)=0.0
SADUW (L J1=0.0
SADNU(Ly3)=0.0
SADWW(L,J)=0,0

GO TO (2,108)+ISWTCH
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END
SUBROJTINE ELAST( TELAST, ISTRESyE1yE24E34E4+ES5,CyNUME)

ODIMENSICN Cl&, 4y~ "~ "~/ =77 ~ -
FORM STRESS~STRAIN MATRIX

DC 1 I=1.4
DO L J=1,4
Cltr,yJysg., 0~ "~ —° 77~ o T T

IF(IELAST.NE.1) GO TO 20

ISOTROPIC ELASTIC MATERIAL
IF{ISTRES.EQ.2) GO TO &

AXISYMMETRIC OR PLANE STRAIN PROBLEM

EBAR=EL/{ (1. +E2)*{1.-2.%E2))
Clly1)=EBAR%(1.~-E2)
CU1,2Y=EBAR¥EZ -~ ~ = 7
Cl1l,y3)=Cl1,2)
Cl2,1)=C(l,2)
Cl2,2)=Ci{1,1)
C(243)=Cl1,42)
C(3,11=C(1,2)
C{3,2¥=CT1,27 ~
Cl3,3)=C(i, 1)
Cla,4)=FBAR*( 1e-2.%E2)/2.
RETURN

PLANE STRESS PROBLEM

EBAR=E1/(1.-E2%E2)
Cll,1)=EBAR
C(3,1)=EBAR*E2
Cl143)=Ci3,1)
C(3,3)=C(1,y1)
Cl4,4)=EBAR¥(1.~-E2)/2.
RETURN

ANISOTRCPTC ELASTIC MATERIAL

IF(IELAST.NE.2) GO TO 30

IF{ISTRES.EQ.2) GO 1O 2

Clly1)=E1
Clley2)=ELl-2.,%ES
Cll,3})=E€E3
Clt2,1)=C{1,2})
Cl242)=Cl1y1)
Cl243)=C(143)
Cl3,11=C{1+3)
Cl3,2)=C(2:3)
Cl{3,3)=E2
Cla,4)=E8 T
RETURN

A-38




A-39

2 Cllyl)=2.%E5%(E1-2.%ES)/EL
Clly3)=2.%E3%ES/EL
Cl3,1)=C(1,3)
Cl3,3)=E2-E3%%2/E1l
Cle,,4)=E4
RETURN

21 WRITE(6,43) TELAST,NUME, ISTRES
3 FCRMAT (1H1/31H FRROR IN ELASTIC CONSTANT DATA/
113H [ELASY ~~  =,15/13H FLEMENT NO.=,15/
213H ISTRES =, 15)
CALL EXIT

< 30 IF(IELAST.NE.3) GU TO 21
C*&%x¥ COMPRESSYBLE FLJIU

IF(ISTRES. .2) GO TO 21

F OC 31 i=1,3
F 0C 31 J=1,3
31 C(I,J)=El

RETURN
END

OO0

', SUBROJTINE STIFF(KASE,NP IyNPJyNPKyNPL JNUME ;MAXNP o I STRES,C gR 42,
i I CKyAI4S1,C1l4NCRACK)

3 DIMENS ICN Cl4+4) ) RIMAXNP ) Z{MAXNP JoCK{ 898)9yA1(23),D(8,8) 4G(8,8),
3 LVEC(8)

‘ o

C*&%x%& COMPUTE ELEMENT STIFFNESS MATRIX

KASE GENFRAL TRIANGLE

NCDE I UN Z-AXIS

NCDES I,K ON Z-AXIS

"GENERAL RECTANGLE

NCDE [ ON Z-AX1IS

NCDES T,L ON Z-AXIS

o ELASTIC MOCULI MATRIX

R =RADIAL COORDINATE OF NODE POINTS

l =VERTICAL CQOORDINATE OF NODE PJINTS
CK STIFFNESS MATR X

Al INT EGRALS FOR COMPUTING K AND M
NUME =ELEMENT NJMBER

L S | T 2N | N T | B |
VS wWN -

[ L1}

OO0

00 1 I=148
BC 1 J=1,8
D(loJ)‘-‘0.0
G(I1+4)=0,0
i CRiT,J1=0.0
- IF(NCPACK.EQ.1) GO TO 300
CALL INTER(KASE:NPTI¢NPJyNPK,NPL,y ISTRES,RyZ4yAT,S1,4C1,4MAXNP)

B IFINPL.NE.O) GU TO 1300
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7

C TRIANGULAR ELEMENTS

AJ=RINPJ)-RINP])
AK=R(NPKY=RTNPI} =~ 7
BJ=Z{NPJ)=Z(NPIT)
B8K=Z (NPK}~2(NPI)
H=AJ*BK-AK*BJ
B=8J~-BK
A= AJ-AK
IFIKASE.N..Y GOYD 2777 ST T ’ T
Dllyl)=1aD
D(2y1)=8/H
D(3,1)=-A/K"

2 Dl4,2)=1.0
D(5,2)=8/H
0l64,2)V=A7F "~
D(2,3)=BK/H
D(343)=~AK/H
Cl54+4)=-C(2+3)
D(6,4)=C(3,3)
IF{KASELEQ.3) GY 7O 3
D(2,5)==BJ/H ) -
D(3,5)=AJ/F

3 D(5,46)=-BJ/H
Di{s45)=AJ/H
NQRD=6

IF(KASE.NE.{j SO TO & vt
IF(ISTRES.NELD) GO TU 4
Glly1)=Cl2,2)%A1(5)
Gl2,1)=CT1,2)%AT(1}C(2, 2)%A1L 7)
G{3,11=Cl(2,2)%AL(6)
Gl5411=C{2,3)%A1(1)

G GU232V=TUT T HAT(AT 42 %C I 1, 2V %A LI ATFCT 2, 2) %A1 TTOY

- IF{KASE-EQ.2) GU TO S

G(3,2)=Cl142)%AT(2)4+CL2,2)%A1(9)
G{3,3)=C12,2)1%AT(8)4C( 4, 4)%AT! 4)
Gi593)=Clbsa) =D (&) )
0l693)1=C(243) <10 2)

5 Gl5,2)=TTY.YF%AT{L)+012, 3)%A1{ 3)
GU595)=Cl44+6) %AT( 4)
G(6,61=Cl{3,3)%A1(4)
GC TO 301

c RECTANGULAR ELEMENTS
C c ——— - -

300 AJ=R{NPJ)-R(NPI)
BJ=Z(NPJ)-Z{NPI)
A=SQRT { AJXAJ+BJI%B)
AL=R(NPL)~R(NP])
BL=Z{NPL)~ZINPI)
B=SQRY TAL¥AL +BL%B! )
H=4*8
IF{NCRACK.EQ.0} GO TO 9
AL=A
Atl.o
B=1.0
H=1.0

- 9 [F{KASF NEL4) GO YO 6
D‘l'l)=l~0

.
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D(2+1)=-8/Hh
D(3,1)=14/"
D(4,1)=-A/H
D(5,2)=1.0
Dl6s2)=-B/H
D(742)=1/H
D(By2i=-A/H
0(2+3)=-D(6,2)
D(3,3)1==D(7,2)
DI{644)=C(2,3)
DIT4,4)1=C(3,3)
D(3,5)=0(T7,2)
D{7461=0(7,42)
IF{KASELEQ.6)Y GO TO 7
Dt3,7)=C(3,3)
0(497)=‘D(892)
D(7:81=C(7,4)
DI(8,9)=-0(8,2)

NQRD=8

IF{NCRACK.EQ. L) GO TO 10

IF(KASE.NEL4) GU TO 8

fF(ISTRES.NE.D) GO TU 8

Glls1)=Ci242)%A1(S5)
Gl2+1)=Cl1,2)%CL*AT(L)}+C{2,2)%A1(7)
G(3911=C(142)%(CL*AT(2)4S1*AT(3))+C(242)¢A1(9)
Gla1)=C(1,2) %S L%ATL1)+C( 2, 2)%A1L6)
Gl6,11=~C(2,3)%S 1%A1( 1)
G(741)=Ci2,3)%(CL*AI(3)-S1*Al1(2))
Gl84.11=C(2,3)%(CL*AI( 1))

DUML=Cl*AT(14 )45 1 %ATL13)

DUM2=Cl*AI(13)-S1*AI(14)
DUMI=CLACI#AT(12)42.%S2%CI*AT(15)+S1%S12AT{1)
DUMG=S13ST#AT({12)-2.%S %CI*AT( 1S )+ 1eCI%xAT (Y 0
Gl24y2)=Cl*(C 1, L) *C1*AT{ &142.%C{ 1, 2)%201(3)} J12,2i%A1(10)
L4C (6,41 AST S %AT( 4,

G(342)=CU1 ) L) %CL%#DUMLAC! Ly 2)¥( 2, %CLE:AT{ 16+ S1%41(18))
14C(2,2) %8111 T7)-Cl %, 4)4S%CUM2
GlT742)=C1,3)%CL*0JUM24C(2,3)%{C1*AT{18)-S1%AT(16))
1-C{4,4)*S13DJM]

GUB821=AIl4)Y % {CLLy3)%CLAC1-Cl 4y 4}%S1%.S1I1C(243)%C1%AT (3)
G(3y3)=ClLlyL)*0IMI+2.%Ci 1 2)¥(CI*AT{201451%21(23))

L4C (2,21 2A1{21)1+CL 4. 41 %DUiM4

Gl6+3)==C{1le3 %S 1 %DUMI—C( 2, 3)%2SIXAT(16)+4C14,4)%C 1XDUMY
G!Te3)=(Cl143)4C {44 V{3 T4CI%(AT(L1L *T(12))4AT(15)%(CL%CL~-S1%SL)
LYS¢C2,3 3 %(CL*AI(23)~-S1%AT{20))
GU843)=C1y3)%CLERCUML+CL 2,3 #CI*AT{ 16I~Cl4,4) % S1%DULM2
Glas5)=(Cl3,3)1%S 155 14C14y4)%CI%CLI%ATL4)
GIT745)==Cl3s3) 851 %0UM2+C( 4, 4)%CL%DUNMIL
GUTy7V=C(343) «DIMG+C( 4y 4)%DUM3
GIB,47)=C{343)%CL*CUM2+C(4,4)%S1%DUM ]
G(By8)=(C(3931%CL¥C1+C 4y 4)%S1I=C1I®AT{4)

iF(KASE.EQ.6) GO TO 301

Gl&4y2)=(0iLy1)=Cl4, JIRSI*CI*AT(4)4CI L1, 2)%sCI*¥AT(2¢S1%AT{3))
L4C(2,2)%A1(9)
G{542)=-(Cl1s3)4C 4y a i} %S1I%CI*AT(4)-C(2,3)%S1*%A1(3)
GiGe3)=ClLo 1) ASIHOIMLACE Ly 2)%(CI*AT(19) 42, %S %A {16))
F4C(242)%AT(2214C 1 &4y 4120V 2DUM2

Glasa)=Cliol " #SIESI¥AT{ a1 42.%C( 14 2)%S1%AI(2)I4C (2,2)%AL(8)
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10C(%,0)8CL8C1%A1(G) ‘
GI6,603=A114) ([ (4,4)¢C1%CI-C(1,3)%S12¢S51)-C(2,3)%51%A1(2)
GE?,93=CUL,3) 85 [ oL M2eC(2,3)%({Cl®AT(16)-SL¢AL(19))+I(4,4)%C1*DUN]
GIB,01={CELs3)eC 4o 4))$STHCI®ATI4)+C(2,3)%C1¥xATL2) ‘ :
GlB,y51=510C181lla,%)-CU3,Y)00A14)

[ia]

] 301 DC 201 1=2,NCRU
x=1-1

: OC 231 J=1.%

] 201 5U3,11=CUY,)) ;

5C 51 J=1,NCRC !
- S0 5u L=1.A0RT

VECIL1=0.0

2C 533 K=1,ANORC
) 50 VECULLI=VECILY "GlL,Ki*C(K,y S}

0C 51 I=1+NORC

Cx(1,41=0.0

DC 51 t=1,A0ORD

51 Cx(t SCKITa J)+DEL, TIRVECIL)

i} PEYURN . '

10 fl=AJ/ AL

i S1=-8J4/7AL ,
H1=Cl1410%51%S51¢C{4,4)%C1%*C] ,
H2={CTITIV¥CL4, 4735 1%L )
H3=C(343)%CL12CL+CH 44 )%5) %)
IF(ISTRES.EQ.D) GO YO 11
G(3,3)=AL*HL/3,
Gl4s3)=ALRHL/ 2.
G(743)=AL*H2/ 3,
G{B8,3V=AL*F2/ 2.
Gia,61=3.%G(3:3)
GlT44)=G(8,3)
G(B,‘o)=2.*(§€7,4)
G(7,7)=AL#*K3/ 3.
G(8yT7)=AL*H3/ 2.
G(R,8)=2.%G18,T)
GC TU 301

11 RI=R(NPI)
IF(ABS{S1). .57 .0.01) GO TN 12
Gl3,3)=AL%%.¥H1/ 3,
IF(KASELEQ.ET GO TO 14
Gla 3)V2ALXHI *{RI/F2.4AL73.,)
Gla,4)=ALRHL2{RI+AL/2.)

14 G(T,7)=AL*RI%*H3/ 3.
GBSy T)=ALMIR(RL/2,4AL/3.)
G(848)=AL¥H3I*  KI3AL/2.)
GC 10O 301

12 IF{ABSICL).GT.0.01) GO T 13
G(3,3)=AL%HI%(RI/3.+AL/4.)
Cle,3)=AL®R] ®¥HL1/ 2,
GlGy6)=ALSRT %H]
G(7:7)¥=AL¥R3IX{RI/ I _4AL/4G.)
G(8,71=ALXR VH3/ 2.
G(8,48)=2,.%G. 8,7}
GC YO 301

13 RIST=RI+AL%CI
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250 A=l
CHe= (AL%%33H{RI/3.+AL%C1/4.)
: HS = (=AL*%3/( 10e%S 1) 1%{ 3 %R 142 %ALKC 1 )~ALEAL%RI*%2/(30.%S1*S1 *
e 1 CLI$AL*RI**3%(1.-RI/RIST)I/( 30, £S1#SIEC I¥C 1) +ALKR 35 (1 Co #RIH%2415,
’ 2 HAL¥RIHCI¥6 o ¥ALE#2%C1%C1)/( 30, *R[SY#SL*SI)
Ho=AL*%¥2%(RI/2.+AL%C1/3,)
- HT=—AL*#2%(5 . %RI+3.%AL*C1)/( 12, *51#51) ~AL¥R[%%2% {1 .~RI/RIST)/
; \ 1 (12.4S14SIXCL)+ALS%2%( 6 *RI*% 248 % ALXR [*C 1+, AL S%2%C1%C1) /
5 ' 2 (12.%S1%S1%RIST)
4 HB=AL*(RI+AL*C1l/ 2.}
G{343)=HL%HE+C{ 2, 2) #HS
Glay3)=HLEHO+C( 2, 2) %HT
G(753)=H2%H4
1 G{&y3)=H2%H6
: - G(&y4)=Hl%H3
G{7y4)=H2%H6
G844 V=H2%*Hy
G(7,7)=H3%K4
GlByT)=H3%HE
G{B4y8)=H3%H8

GC TO 301
c
, END
1 c
N C ]
c
c
SUBRUJT INE INTER(KASE, NP IyNPJ,NPK,NPL, ISTRES)R ¢Z9AT9S1yCLyMAXNP)
c |

Cx#x% COMPUTE ELE¥ENT INTEGRALS
DIMENS ICN AT(23), RIMAXNP Yo Z (MAXNP )

70 DC 1 1=1,23
1 AI(I)=0.

e rreaan
.

IF(NPL.NE.O) GU 7O 300

TRIANGJLAR ELEMENTS

OO

AJ=R(MPJI-RINPI}}
AK=R{NPK)-R{NPI)
BJ=ZINPJ)-Z{NPIL}
BK=Z (NPK)-2{NPI)
3 H= AJ¥BK-AK*BJ
AN B=BJ-BK

E . A= AJ-AK

' Ri=R{NPI)

Cy ) " 5
N e g o

2 TFLISTRESLEG,0) GO TO 2
X Alf4)=H/2,

AT (13 =rR{ AJ+AK /b

AT L]~ =HE i) +8r)/6.
HE TuU RN

SoallLy=H/Z.
STaZ1 {8 jeRK )G

< £ AT 13) % iadear 6,

: Al i=wisATl ] 2ai(3)

E L PFLKASE.ET. T L) TO D
ALY

‘. vl'"!(‘v}
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101

102
104

103

105
106
107

100
201

202

203
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81 A-Ll

ICOUNT=1

RA=RI

RE=R{NPJ) ) o
C=8J/AJ

D=0.

DUM=-1,

[FIC.EQ.D4) GO TO 100

IF{XASE.EQ.L) GO TO 102

IF(KASEL.NE.ZY GO 'TO 104 - ’ ) T T
IF(RALNE.DL) G TO 102

FO=ALGG(RB)

GC TO 104

FC=ALOG(RB/RA)

OUMl=RB-RA

QUM2=RB*RB-RA%*RA

DUM3I=RBARB¥RB-RAFXRAFRA

CUMs=DJMZE(REB*RB+RAXRA)

IF(KASEL.TQ.31GO TO 103

FL=0UMI-RI*FU

F2=DUMZ2/ 2.2+ ¥RI*CUML4R [ %R [%F0
F3=NUM37/3.-1.5%RTFTUM2+3 J#R IR I=DUM 1-RI*R %R I%FO
Go=DuUM2/2,

Gl=DUM3/ 3.~} *DIM2/2.

G2=DUM&/4 -2 . *RT*BUMI/ 3, 4R [*R {*DUM2/ 2.,

IF(KASE.NE.1)} GO TD 105

AT (B YSATIST#DIMEICEFLIDRFO Y

AT (5)=A1{6)+DIMK{ C*CRF2/2.4C*D*F 14D%D%xFO/2,)
ATA(71=AaT(T)+DUMR(CEF2+D%F1)
AL(9)=AT(9)+DUM#{ CkC%F3/ 2. +CxDXF24D%*DXF 1/2.)
AT{10)=AL(1D ) +DUM*( C*F3+4C%F2)

GC 10 106

IF(KASE.NE.2) GO TO 107
ATL(BI=AL(BI+DIMR( CHCHLXFI/ 3, +CHCHDRF24C*DRDAF L +0%0%D%+ U/ 3. )
AT{13)=AT(13)+DUM*{ CxG2+C*Gl)

AL (16)=AT{14)4DIMR(CHC%G2/2.+C+D%xGL+0%¥D%G0O /2. )

GC T0i201:5222,203), 1COUNT
ICOUNT=2

IFIA.EQ.D.) GO TO 100
RB=R{NPJ)

RA=R (NPK)

C=8/1

D=H/A

DUM=+#1, "~

GO TG 101

ICOQUNT=3

IF(AK.EC.0.) GO TO 100
IF(BK.EC D,)Y GO T 100
R8=R (NPK)
RA=RT 7777
C= 8K/ AK
0=0a,
DUM=+1},

GC TC 101
RETURN

RECT ANGULAR FLEMENYS

e RN St TR im0 e

e e




P

300

301

302

303

304

A P SR AL TILTT, ] 2 e

AJ=R{NPJ)I-R{NPI)
BJ=Z(NPJ)=Z(NPI)
A=SQRT (AJ*AJ+BI%BJ)
AL=R{NPL)=R(NPI)
BL=Z(NPL)=-Z(NPI)
B=SQRT { AL*AL +BL*BL)
H= A*8

S1=-8J4/4A

Cl=AJ/A
RI=RTNPIY™ ~ ~
IF(S1.GT..01) GO TO 301
S1=0.

c1=1.

GC TG 302
IF(Cl.GT..01) GO TO 302
Sl:l. ) ’
C1=0.

$2=S1%S1

$3=52%S1

C2=Cl%*C1

C3=C2*Cl

IF{ISTRESLEQ.D) GO 7O 303
Al (4)=H

AT (11)=A%A%H/ 3.

AT (12)=8B%B*H/ 3.

AL (13)=A%H/2.

Al (14)=8%H/2.

AT (15)=H%H/4 .

RETURN

AT (l)=H

AT (2)=8%H/ 2,

Al (3)=A%H/2.

AL {6)}=RI¥AI(1)4CL*AT( 3)+S1%AI(2)

AT (18)=A%A%H/ 3.

AT (19)=8B%B*H/ 3.

AT (20)=B%H*H/b6.

AT(23)=A%H*H/ 6.

AL (16)=H*H/4 .,
AT(15)=RI*XAI{16)+CL*AI(23)4S1%A1{20)
AL(14)=RI*AT(2)+CI*AI(16)+S1*AI(19)
AT (13)=RI*AT(3)+CL*ALI(18)+S1*AI(16)
AT(12)=RI*AT(19)+CL*ATI(20)+S1*¥B%%3xH/4,
AT(LL)=RI*AI(18)+S1*AT{ 23)+CL¥A*%3%H /4,
1F(KASE.NEL6) GO TO 304

Al (2)=0.

AT (LOV=AT1(4)

AT (1T7)=A1(14)

AT (191=0.

AL(21V=A1(12)

RETURN

A2 = A%A

A3=A2%A

82=8%3

B3=82%*b

Ri2=R{ *R!

RI3=RI2#R1
IF(S1.NE.O.) GO TO 305
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33 A-k6

01=ALOG(1l.+A/R1)

Al (5)=8%Dl

Al (6 )=82%D1/2,

A1 (TY=H-B¥RT*Dl

Al (8)=83%D1/3.

AT (3)=8B2*{ A-R[%D1)/2.

AT (10)=B¥(A2/2.-A*RT+RTI2*C1)

AT (17)=B2#RI2%DL/2.-B*H*R1/2.+H*H/4,
AL (21)=83%(R[2*D1+A2/2.-A%R1)}/3,
AT (22 )V=BZ*TH-8%RT*D1)73. )
RETURN

IF{Cl.NE.Ds) GO TO 306

D1=ALOG(l.+B/RI)

Al (5)=A%D1

AT (5)=H=A%RI*D1

AlL{71=A2%DL/2.

AT (8)=A*RI2%D1- *RI+B*H/2.

AT {3 )=A2% . B-RI*D1)/ 2.

AT (10)=A %C1/ 3.

AT (17 A2%H/3.-~A3%RI%C1/3.

AT (21)=A3*(RI12%D1+B2/2.-B*R[)/13.

AT (22)=H*¥H/ & o ~A%HAR T/ 2. +A2%R 12%D 1 /2.

RETURN

D1=ALOG(1.~-H&®S1%.C1L/((RI+BXSL)I*(R[+A%L1)))

D2=ALOG{1.+AXCL1/ (RI+B*S1))

D3=ALOGTI.#+B*ST/(RI+A%C1))

AL (5)=(RI*C1+B%D2%S 14A*D3%C1)/(S1*C1)

AT (5 )= (B2*C2%S2-RI2*¥C1-A*C1*D3%( 2.%R[+A*C1)+H&S1*C1)} /(2.%S52*C1)

AT (7)=(A2%C3%C2-RI2*%D1-B¥S1*D2%( 2, %R [+B*SL)+H*xS1%«C1) /(2. %51%C2)

AT (B8)=(B¥H#S2%C1/ 64~2 . ¥H RIS 1I%C1/3.-A%HxS14C2/3.+R13%D1 /3.
L+4B3%53%02/3.+C1*AX(RIZ2+A*R[*C1+A2%C2/3.)%D3)/1S3%()

AT (9)=(A¥HAS 1 #C2/ 3. +B#H S 2%C1/ 3. +H¥R [« S1%C 1 /6. +R[ 3%D1 /6.
1-S2*{BZ*RI/2.+B3%51/3.1%D2-C2%{A2%A[/2.4A3%C1/3.)%D3) 7(S2%C2)

ATLLO)= (ASHES 1 %L2/6 -2 #H¥R [#51%C1/3.-B*H¥ S2%C 1/3.+R] 3%01 /3.
L+4A3%C3%L3/3.+S1%8%(RI2+B*RI*S1+B2%S2/3.)%D2)/{S1¢(C3)

ATUL7)=(A2%H%S1%C3/4.~-RI*¥R13%¥D1/12.+52%B2% (R[2/2.42.*B%R[*51/3.
14B2%52/4.)%02-C3*%A3¥(RI/3.+4A%C1/4.)%¥D3-S1#C 1#H*(R12/12.+5, %¥B*R]
2%51/12.+¥B2352/74. 145 14C2%H (A%R[/12.4+H&S51/84.))/7{S2%C3)

AT (21 )=-H*{A3%C1/S2+B3%S1/C2)/S5+Hxh*{A/S1+4B/C1)/10.~RIZ*H*(B/CL
L4A/ST)/(30.%S1%CL )~ 3%RI*F*(A2/52+82/C2)+R3%¥H/{30.%52%C2)
2+RI*H*H/ (20 %S 1*#C1)+RI2%R 13%D1/( 30.%S53%C3)+B83%D2% (RI12/3. +8%*R[ *S1
3/2.482%52/54)/C3+A3%D3%(RI12/3.+A%RI*¥C1/2.4A2%C2/5.)/S3

AT (22 )=HAH/ (8 o ¥S 1 )=-S % AXHER I /{ 12%52)-A2¢H*C1/(4.%S2)-HARIZ /({12.%
LS2#CIVHB¥HERI7ZU12 AST¥CL14B2%H/T 4 X L1V +A%D 3% (RT12 /2. + 2. ¥A%RI #C1
2/3.+A2%C2/44)/S3-RI*RI3*%D1/({12.%53%C2)-83%D2*¥(R1/3.¢+B%S1/4.)/C2

RETURN

END

SUBROJT INE ADJUSK(MAXNP, BKy ITYPE, THETA NPT NP J NPK,NPL)

DIMENSICN BK(B,8),BKBAR(848),C(8,8),VEC(B)
DIMENS ICM ITYPE{MAXNF }, THETAIMAXNP )

NCRD=8
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A

—

50

51

52

oy AL e Y L DR

1F (NPL.EQ.O) NORD=A

ISWTCH=N
IE(ITYPE(NPTILNESL) GO TO 3
Mx=1

NP=NPI

ICOUNT =1

GC TU 6

IF(ITYPE(NPJ).NE.1) GO TO 4
MX=3 '

NP=NPJ

ICOUNT=2

GC 70 6

[F(ITYPE(NPK) .NE.1) GO TO 5
¥X=5

NP=NPK

ICOUNT=3

GC 170 6

[F(NPL.EQ.O) GO TO 7
[F(ITYPEINPL) .NE.1) GO TO 7
Mx=7

NP=NPL

ICOUNT =4

IF{ISWTCH.EQ.1) GD TO 8
ISWTCH=1

pC 1 1=1,NCRD

PG 1 J=1,NCRD
{F{l.NE.J) GO TD 2
Clirsdd=1e9

cCc 1O}

Cl1+d)=0.0
BKBAR{I4J)=7)40

NX=MX+1
C(MX,MX’=CCS(THFTA(NP))
C(NX.MX)=SIN(THETA(NP))
C{MXyNX)==CUNXyMX)

C UMKy NX 1=C UMK MX )

GC TO (34455490 1 COUNT
[F(ISWTCH.EQR.D) RETURN

DC 51 J=1,NORD

DC 50 L=1+NORD

VEC(LI=0.0

DC 50 K=1,NORD
VEC(L)=VEC(L)*BK(L'K)*C(K'J)
DO 51 [=14NORD
BKBAR(144)=0.0

DC 51 L=14NORD

BKBAR(I,J}=BKBAR(IyJ)*C(LyI)*VEC(L?

DC 52 1=1,NORD
DC 52 J=1,NORD
gr (14 J)=BKBAP(1,J)

RETURN
END
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SUBROJT INE DISTK(MAXNPyMXADJIP, BK s SNPUU, SNPUW, SNPWW, SADLU,
ISADUW S ADWU» S ADAW NP1y NPJ,NPKyNPL,NPADJ (NPOUT)
DIMENS ICN BK(B,8)ySNPUU(MAXNP )y SNPUW{MAXNP ), SADUU{MA XNP 4 MXADJP}
LSADUW ( MAXNPs MXADJP ) SNPHW{MAXNP ), SADWU{MAXNP ,MXAD JP) ,
2SADWW{MAXNPy M “1P),NPADJ (MAXNP, MXADJP )

¥#k& DISTRIBUTE E. . wmiNT STIFFNESS TO NUDE POINT STIFFNESS

(Y

8K =tLEMENT STIFFMESSy 6%6 FOR TRIANGLE, 8%8 FUR RECT
SNPUU =NODE PT. STiFFy, U-CIRECTION, U-DISPL.
SNPUW =NODE PT. STIFF, U-CIRECTION, w-DISPL.
SNPWW =NODE PT., STIFFy, W-CIRECTIONy W-DISPL,
SADUU =ADJ. PT. STIFF, U-CIRECTION, uU-DISPL.
SADUW =ADJ. Pl. STIFF, U-~CIRECTION, W-DISPL.
SAODWU =ADJe PT. STIFFy W-CIRECTION, U-DISPL,
SADWW =ADJ. PT., STIFFy W-CIRECTION, W-DISPL.

ICOUNT =1
GC TO (2934445560, ICOUNT

NI=NPI
NJ=NPJ
NK=NPK
NL=NPL
MX=1
LX=3
LY=5
Lz=7
GC TO 100

NI=NPJ
NJ=NPI
NK=NPK
NL=NPL
MX=3

LX=1

LY=5

L2=7

GC 70 1090

NI=NPK

NJ=NPI

NK=NPJ

NL=NPL 7 T
MX=5

Lx=1

Ly=3

LZ=7

GC TO 100

[FINPL.EQ.O) GO T 6
NI=NPL

NJ=NP]

NK=NPJ

NL=NPK

MX=7

LX=1

LY=3
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- Lz=5
6C TO 100
1 c
L ) 6 RETURN — 77 i
c

100 SNPUUINI)=SNPUUINI)+BK(MX,MX)
SNPUWINE)Y=SNPUWINT}+BK{MX ,MX+1)

E SNPWWENT)=SNPWA{NT) +BK{MX 41, %X +1)
" DO 101 I=1,MXADJP
s= 1 . T N

IF{(NPACJ{NT, 1)-NPOUT ) .EQ.NJ) GO T3 1C2
101 CONTINUE
205 NPI=NPI+NPCUT
NP J=NPJ+NPCYT
NPK=NPK+NPCUT
IF(NPL.EQ.O) GO TO 204
: NPL=NPL+NPCUT
: 204 WRITE(64203) NPI,NPJyNPKyNPL,NIsNJyNXyNLyNPOUT,
L (INPADJINT, 1), 1=1,MXADJP)
203 FCRMAT (1H1/32H ERROR IN STIFFNESS DISTRIBUTION//

1 13H API =, 15/13F NPJ =,15/713H NPX =415/
213H NPL =, [5/10%,515/10X,815)
CALL EXIT

102 SADUU(NIJ)I=SACJU(NIy JI+BKIMXsLX)
SADUWINIJ)=SADIWINTyJ 1 +BK{MXyLX+1)
SADWU (NI J)=SADAJINT+ J)+BKIMX+1,L X3
SADWWINI3J)1=SADAWINT, J)+BKIMX+1,LX41)

OC 103 I=1,MxAL4p
J=1
) IFL{NPACJINT, [)~NPOUT ) .EQ.NK} GO TO 104

103 CCNTINUE
GC 1O 205

104 SADUU(NIyJS)=SADJI(NTy J)+BKIMX,1Y)
SADUWINI»J)=SADIAN(INT, J)+BKIMXyLY+1)
SADWU(NTJ)=SADNJ(NI, J)+BK{MX+]1,LY)
SADWW NI J)=SAONWINT, J)+BK(MX+1,LY+1)

iFINL.EC.D) GU TO 105
00 105 I=1,MXADJP
J=1
IF{INPACJ{NL, [)-NPUUT }.EQ.NL) GO T3 107
105 GCONTINUE
GO TOU 205
107 SADUUTNILJV1=SADUUINT, JI+BK{MX,L2)
SADUWINIsJ)=SADJA(NT, J)2BKIMX,L2~1)
SAOVUINILJ)=SADNJ(NT, J)+BK{MX +1,L2)
SADWWINT JI=SADWWINT, J)+BK(MX+1,L2+1)
1G5 iCOUNT=ICOUNT +1

GC 10 1
<
C
END
- C
C
SUBROUT INE MASS{MAXNP ¢ RHO Ry Zy ATy XMASS) S1oC1oNPL,NPIJNPKINPL,
- LISTRES)
C

e
st prry ;
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DIMENSICN RUMAXNP )y ZCMAXNP ), XMASSIMAXNP ),A1(23)

CCMPUTE ANC DISTRIBUTE MASS POINTS

GRAV=386.4
IF(NPLJ/NE.O) GO TO 2
TRIANGULAR FEL EMENT

AJ=R{NPJ)=R{NPI)
AK=R{NPK)=R{NPI)
BJ=Z (NPJI-Z(NPI)
BK=Z (NPK) ~Z(NPI)
H= AJ¥BK-AK*BJ
B=8J-BK

A= AJ-AK

DUML=RRC/H*GRAV
AME=DUML*(F*AT(4)+6%A W 13)-A%AT(14))
AMJ=DUML*(BK*AT(13)-Ak*AT1(14))
ANK=DUMTETAT#ATI14)-BIXATOL3Y)
GC 70 3

RECTANGULAR ELEMENT

AJ=R{NPJ)-R{NPI)
BJ=Z INPJJ=ZTNPI}
A=SQRT (AJRAI+BI%BJ})
AL=R(NPL}-R{NPIT)
BL=Z(NPL)-2(NP])
B=SQRT (AL*AL +BL%*BL)

IF(ISTRES.EQ.0) GO TO 4

AM[=RHO*AT(4)74.%GRAV

AM .= AM]

AMK= AMI

AML=AM]

GC Yo 3 T -7 o

DUMI=RHC/ {1.+51+C1)*GRAV

AMI=DUML*{(SL1+CLY*AT( 4)-S1*A1(14)/B-C1*A1(13)/A)
AMJ=DUMLI*{AT{4)-(1.+4CL)*AT{ 14)/B+CL%AT{ 13)/A)
AMK=DUMLX(-AT{4)+( 1. +CLI*AT{142/B+{ 1.+S1)*AT{13)/A)
AL OUMIF(AT( 4 +S T#AT(14)/8-11.+S1)*AT(13)/A)

XMASS INPIY=XMASSINPI)+AM!
XMASS (NPJ)=XMASS (NPJ) +AMJ
XMASS (NPKI=XMASS { NPK) +AMK
IF(NPL.EQ.O) RETURN

XMASS (NPL)I=XMASS {NPL ) ¢+ AML
RETURN

END

SUBROUT INE PRNK({MAXNP ¢ MX LLuP s NADUNP 4 NPADJIyNADJEL y IPRINT, SNPLLU,

o Rt e S s o
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43

10

11

14

88 e
FSNPUW e SNPWW, SAUJJ 9 SADUAy SADWU ) SADWW, THETA, I TYPE , XMASS(NPQUT,
2 NUMNP) '

DIMENS ICN NADJINP{MAXNP)sNPADJIMAXND ¢ UXAUJP ) yNADJEL (MAXNP)
LXMASS { MAXNPY , SNPUU(MAXNP jy SNPURI{MAXNP ) s SNPWW (FAXNF)
25ADUU (MAXNPy MXADJUP )}y SADUWIMAXNP y MXADJIP ), SADWULMAXNP yMXAD JP] o
3ISADHW { MAXNP, MXADJIP), THETA(MAXNP )y ITY2E(MAXNP)

IF{{IPRINT (NE.2} ANC.(IPRINT.NELG9))G0 TO 15

WRITE(6,1)

FCRMAT (1H1,10HSY I FFNESS TABLES//6H NIDE.8X,6HSNPUL 4RX,
16HSNPUNW 48X, 6HSNPWW //)

DC 2 I=1,NUMNP

K= I+NPCUT

WREITE(6493) Ky SNPOUTTY, SNPUW( T )y SNPWWLT)
FCRMAT ( I5,3X, 1P8EL4.4)

WRITE (6 ,4) .

FCRMAT (1H1,18HADJACENT STIFENESS//)
WRITE(6,5)

FCRMAT (6H ~ NUDE, 10X, 5FSADUU// )

DC & T=1,NUMNP

NU M= NADJNP (T

K= [+NPOUT

WRITE(6,3) K, (SABUJE T, )9d=1,NUM)

WRITE(6,44)

WRITE(6,7)

FCRMAT {6H NODE, LOX,S5FSADUW//)

DC B I=1,NUMNP

NUM=NARJINP(T)

K= I+NPOUT

WRITE{6,3) K, (SADUW{T,J)yJ=1,NUM)

WRITE{6,4)

WRITE{(649)

FCRMAT (6H NODE, 10X,5FSADWU// )

DC 10 I=1,RJMNP

NU M= NADINP( )

K= i+NPCUT

WRITE16:3) Ky (SALWU( 1,0 )yJd=1,NUM)

WRITE(6y%)

WRITE(6,.11)

FCRMAT (6H NODE, LOX,5HSADWW/ /)

DC 12 I=1,NJMNP

NUM=NADJINP(T

K=I+NPOUT

WRITE{643) K (SADWW{I,J3,J=14,NUM)

IF({LIPRINT NE.4)  ANCol IPRINTJNEL99) JRETURN
WRITE(6,413)

FCRMAT (1H1,23HMASS VECTOR, LB SEC2/IN//€EH NODE//)
DC 14 i=1,NUMNP,8

t=I+NPC T

NUM= "

IFt L.CY NIMNP} NUM=NJIMNP

WRLITE(63) Ly (XMASS(J )y d=14NUM)
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RETURN

“END

oo |ao

OVERLAY {MOHAN, 6,0 )
PROGRAM LNKLF

o CONMON MAXNP, MXCLS, MX ADJP, MXZONE, MXNPB, NZONES, MXPELB, NUMNP, =~~~

1 NUMEL . ISTRES)NUMPEL yNUMELP,PERIOD,NMKCLS,FACTOR,ALAMB,
2 KT APE KRINy IPRINT,NUMST,MXSTRT, [ELAST(2C),IPLAST(20),
T 3TWGT 20Ty NSTARTUT9Y, ET(US, 200, TPELCTP, INT,NPRCDS,TMPBX ™ ~
C
DIMENS ICN C(4,4)
T D! ”ENSIUN qujlq, ( BJU"N’ KDJ‘ 350! B,'NKDJE[( 35 T ) T
OIMENSION R{350),2(350), ITYPE(350), THETA(350)
C
" DYMENSTOUN STNPUT4, 3507, STNPW{4, 3507, STADU(4,35C,8),
1STADW({4,350,8)
c
T CFERXINITIATIZE
MOHAN=5 HMOHAN
REWIND 4
T T TREWIND B Tt T/ o e T
REWIND 12
REWIND 3

KEND=0
NPOUT=0
NIMCP=0
NUMNPB=0
NPR= MXNPB
KX=1

CHxkxxx ZERQC OUT BUFFER REGION

1 ISWTCH=1
G0 T0 900

C*%%%x READ IN FIRST RECORDS
C
- T 2TTFIRUNNPL LT MXNPB) NURNPB=NUMNP T
IF (NUMNP.GE. MXNPB) NUMNPB=MXN\NPB
DO 3 [=14NUMNPB

READTBT RPN, NADJNPTIT, NADJETIT, (NPADIT T, I T, J=T,HRADIPT
READ(4) NPNyR(I),Z( 1), ITYPECT), THETA(T)
3 CONTINUE

ICQUNT=0
4 READ(12) KEY NUME, IZONE,NTI\NTJyNTCsNTL yNCRACK

IO I RT3 %74 IS 4 T:KASE, ST, CT
ICOUNT= ICOUNT +1
LNP=MAXO [NT I+ NTJy NTKy NTL)

IF((LNP-RPOUT ) .GT .MXNPB) GO TO 100
T SUFFICTTENT ROOM IN BUFFER REGIUN T
6 NPI=NTI-NPQUT

o o

o

£2%
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NP J=NT J=NPCJUT

NPK=NT K~NPCJT

IFINTL.FQ.0) NPL=0

IF(NTL.NELO) NPL=NIL-NPOUT

CALL STRESS(MXNPUyMXACIPsCoNP I, NPJoNPK NPL R sZ ¢KASE o NUNE yNPADJ,
L STNPJySTNPA,STADU,STADW, ISTRES, S1yCL1yNPOUT,{TYPE ,THE TA,NCRACK)

c
IF(ICOUNT LT .NUMEL) GO TO 4
KEND=1
KEY= NUMAP+)
C
C*&%x& [NSUFFICIENT ROUM IN BUFFER REGION
C

100 NUMCP=KEY-1
NUMNPB=NUMCP-NPOUT

C
C MCDIFY STRESS TABLES
113 CALL MODS (IMXNPByMXACJIP o NADINP 4 NPADJyNADJEL , STNPL,STNPW,
LSTADU,STACW, IPRINY ¢ THET Ay ITYPE)NPUUT, NUMNPB )
c WRITE STRESS TABLES ONTO TAPE 3
C

DC 101 TI=1,NJUMNPR
101 WRITE(3) T ,NACINP( 1)y NADJELL ID)s INPADS(19J) s J=1MXADI" - (STNPU(K,1)
’-OSTNPN(K'I)vK=1"0)y((STADU‘KQ lpJ )ySTQDW(K,['J; 'K=l'(0) '¢=l ,NXADJP)
IF{KEND.EG.1) RETURN
IF(KEND.EQ.L) RFTURN

C
C MCVE UP INCOMPLFETEL NODES IN BUFFEI EGION
NPR=MXNPB-NJMNPB
GC TO 902
C LERD REMAINING BUFFER ARFA
107 "X=MPR+1
WT Ch=2
To "W
C ~0 N REMAINING OOCE POINT AND ADJACENCY DATA TO FILL IN BUFFER
In

1 [IF CONUMNP=NJMCP) .LT JMXNPB) KNP =NUMNP-NUMC PR
[FLINUMRNP-NIMCP) . GE.MXNPB) KNP=MXNPB-NPR
DC 1093 1I=1,KNP
L=NPR+1
READ(8) NPNyNADINP{L )y NADJELIL )y INPADJ(L+J}yJ=1MXADIP)
READ(4) NPNyR(L),Z(L), ITYPE(L ), THETA(L)

109 CONTINJE
NPOUT=NUMCP
6C Tu 6

CHkxx TRANSEER PART OF NOCE BUFFER REGION

902 DT 903 K=1,NPR
L=« MNPB+K
NADJNP{K)=NADJNP(L)
NADJEL(K)=NADJEL(L)
ITYPE(K)=ITYPE(L)
THETA(K)I=THET A{L)
R{K)=R(L}
ZIKY=2(L)
DC 904 J=1,44
STNPU(J4KISSTNPJ(JyL)
904 STNPWIJK)=STNPN(J, L)
CC 303 J=1,MXADJP
NPADJIK,JI=NPADJIL, J)

Ta' TR TETIATN T 0 W T WAARLT A meT T TR oML
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91 | B " A-Sb : .

DC 9063 I=1,4
STADU( T KyJ)=STABU( Ty L,yJ)
903 STADW(I Ky J)=STAOW( I,L,4)
¢ AUNLLaRe 1=

e e

GG TO 107 : ’ . *

c _ .
C#*+% ZERC OUT BUFFER REGION SECTION . .
c
900 DO 901 L=KX,MXNPB . s
2 R DIRP TR = - == = C o R
‘ NADJEL(L)=0 = | ‘
4 ITYPE(L)=0 | '
4 THETA(L)}=0.9 , ‘ j
R(L)=3.0 '
: Z(L)=0.0 - . . . :
1 pO505 J=15% - ) ’ oy co }
. STNPU{J,L)=0.0 ' . 1
905 STNPW(J,L}=2.0 . ’ ’
DC 901 J=1,MXADJP : - '
- NPADJ(L,J)=0 : \ ' |
DO 901 I=1,4 . : : '
STADUTTSL3d7=0.0 ~ . ! ‘
901 STADW(I,L,J)=0.0

e ki kel

Y

GO TO 12,108), ISWTCH

P TR T

oo

< ENDTT— Tt e = . —_— )

SUBROUT INE STRESS (MAXNPyMXADIPyCoNP IyNPJoNPKyNPL yRA s ZA yKASE ¢ NUME o \
lNPADJpSTNPUoSTNPN,STACJ'STADN.lSTRES,Sl,Cl,NPOLT,lTYPE,THETA.
2NCRACKY ™

OO0

DIMENSICN C(4v4)9RA(MAKNP’;ZA(MAXNP)9“PAUJ1MAXNP0MXQDJP)vS(Q}B)v
1STNPU (4, MAXNP ) o STNPUW( 49y MAXNPY )y STADU( 49y MAXNP ¢MXADJP)
2STADW (4 g MAXNF, MXADIP )y ITYPE(MAXNP )y THETA(MA XNP )

(g}

DIMENSICN SBAR(4,8),CBARL 8, 8)

#%%% COMPUTE NOCE POINT STRESS-DISPLACEMENT RELATIéNS

c =STRESS-STRAIN MATRIX .

S T =ESTRESS-DISPLACEMENT MATRIX FOR ELEMENT o
ST(1) =RADIAL STRES3y SIGMA R !
ST(2) =MERIDIONAL STRESSy SIGMA THETA - !

ST(3) =VERTICAL STRESSy SIGMA Z

ST{4) =SHEAR STRESS, TAU

ST(I) sSTNPJ(IT*J#STNPd(I)*HfSUM(STADU(E)*U+STADH(!)*h) ) ‘ ‘

OCOOOOOOOOO0O0O

0C'1 I=1,4 . ‘ ; . )
DC 1 J=1,8 '
1 StI+J)=0.0

RR=RA{NPII " ' .
R=0.
R"SO.
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1=0.
, IP=0s
ICOUNT=1,

. LF{NPL.NE.O) GO TO 200
TRIANGULAR FLEMENTS

AJ=RA{NPJII-RA(NPI)
AK=RA(NPKI-RAINPI)
BJ=ZA(NPJI)I-7 A(NPI) .
BK=ZA{NPK}-7 A(NPI)
H= AJ*BK-AK 2R J n
| B=BJ-BK
" A= AJ-AK
25 IF(KASE.NE.1} GO TO 26
IF(ISTRES.NE.O) GO TO 27
AORZ1./RR -
- RCR= K/ RR
ICR=1/RR
GO T0 28~

27 IF(ICOUNT.NE. L) GO TO 100
ACR=0.0 b
RCR=0.0 .
I0R=0.0 e

28 DUML=B/H !

‘DU M2= AOR*(B*ROR ~A¥Z OV IH
DO 3% 1=1,3"
35 S(Ivl)-C(lo[)*DJMl*C(['2)*DUWZ
Slapl)==Claya)*A/H
GQ YO 29
26 ROR=1.
lF(KASE NE.2) GO TO 30
IF{ICOUNT.NFLL1) G TO 31
‘ZOR‘=000 ' |
GO T0.29
31 '20R=Z/RR
GC TO 29 .
30 ICR=0.0 ’
IF(ICOUNT  NEL 1) 00 T0 (100
29 DO 3% =143

1 36 S(IoZ)‘-C€I93)*A/H

S{442)=Cla,6)%B/H
! DUM1=BYX/H
DU M2= ( 8K*RCR'- AK*ZOR’/F
D0 37 I=1,y3 © :
37 S(I,3)= C(l'!P*DJMl*C(I 2)*%DyM2 :
DUML=AK/H
5‘403)=“C(4f4)*DJM1 )
DC 38 [=1,:3
38 S{L,6)==Cl1,3)%DuMI ,
S(hea)=Cla,6)*BK/ H
OUML=AJ/H
DO 39 I=1,43
39, S{I,6¥=C(1,3)%DJM]
S{Ge5)==-Clasa)%BJ/H
IF(KASEL.EQ.3) GO TO 300
DUM1=-BJ/H
DUM2=( AJ*ICR- BJ*RDR)/F

C . A-55
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40

OO

200

50

52

53

51

73

T4

" 5%

66

61

93

DC 40 1=1,3
S(Ie5¥=ClLy1)%0DIML+C( 1, 2)%DUM2
S(445)=Clby4)%A)/H

GO TO 300

RECT ANGULAR ELEMENT

AJ=RA{NPJ)-RAINPI)
BJ=ZA(NPJ)=ZA(NPI)
‘A=SQRT FAJ¥AJ+BI*BIYT
AL=RA(NPL)-RA(NPI)
BL=ZA(NPL)-ZA(NPI)
B=SQRTTAL*AL +BL*BL)

H= A*xB

TF{RKASELNELGZY GO TO 517

IF{ISTRES.NE.O) GO TO 52
ACR=1./RR

ROR=RP/RR

LZCR=ZIP/ RR
{F(NCRACK.EQ.O0) GO TO 53
H=A"" T - -
AQR=0.0

8=0.0

GC TO 5%

AOR=0,.,0

RCR=0.0

20R=0.0 " 77

[F{NCRACK.FQ.D) GO TO 53

H= A

8=0.0
DUML=(RP*S1+2P*C1-A%S1-B*Cl)/H
DUM2=A0R+(ROR#*ZP-B*ROR-A*20R ) /H
00 65 T1=1,3% ‘
S{Is1)=Cl1ly1}%DUM1+C( I, 2)%DUM2
S(491)=Cl4y4)%(BES1-A%C14RP%C1~-ZP%S]1)/H
GC TC 54

IF(KASE.EQ.S5) GD TOD 73

ROR=1i.

ICR=0.

IF (NCRACK.EQ.D) GO TU 54

H=A

AOR=0.0

B=0.0

GC TO 54

IF{ICOUNTNELLY GO TO 74
ROR=C1

Z0R=S1

GC TO 54

ROR=RP/ RR

ZCR=ZP/RR

'DUMIE (B¥ST=A¥TI#RP¥C1-ZP#S1)/H

D0 66 I=1,3

SU{I,2)=C(1,3)%0DJM1
S(642)=Cl4y4)%(RP*S1+2P*C1-B%C1-A%S1)/H
DUML={B*C1-RP#51-2P*C1)/H

DUMZ={ B*ROR~ROR*ZP)/H

DO 67 1=1,3
SUELe3)=ClloT)*DIML4CL Iy 2)%0UM2
OUMLE=(—-B*S1-RP*C1+2P*S1)/F

A-~56
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68

69

70

71

72

300

303

3104

305

306

302
301

312
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S(443)=2C(444)%DIM1

DO 68 I=1,3

S(Iy6)=C(1,3)%DJM1
Sla,61=Cla,4)*(B8%C1-RP%S1~-2P*C1)/H
DUML= (RP*S1+Z2P*CL )/ K
DUM2=ROR%*2P/H

DO 99 I=1,13
SUIy5)=C({L,1)*DJML+C( I, 2)%DUM2
DUML=({RP*C1-ZP*S1)/H
S(4,57=C(4,4)*DJMI

DC 70 1I=1,3

S{I46)1=C(1,43)%DUM1
S(4,5)=Cla,4)%(2P*C1+RP%S1)/H
DUML=(A%*C1—-RP*CL+ZP*S 1)/}

00 7L 1=1,3

S(I,81=C(1,3)%0DIM1
S(44B)=Cl4,4)%(AXS1-RPXS1-ZP%C1)/H
IF(KASE.EQ.6) GO TO 300
S{a,7)=Clby4)%DIM1
NUML=(A*S1-RP#S1-2P%C1)/H
DUM2= (A*ZQOR-ROR*ZP)/H

DC 72 [=1,3
SCIe?7)=Cl1l,T)%DIML+C( I, 2)%0UM2

MCDIFY S-MATRIX

ISWTCH=0

IF(ITYPE(NPI).NE.1) GO TO 303
MX=1

NP=NPI

KCOUNT=1

GC TO 306

[FIITYPE(NPJ) NE.1) GO TO 304
MX=3

NP=NPJ

KCOUNT =2

GC TO 306

IF(ITYPE(NPK) .NEL.1) GO TO 305
MX=5

NP=NPK

KCOUNT=3

GC TO 306

IF(NPL.FQ.O) GO TO 307
IF(ITYPE{(NPL).NE.1) GO TO 307
MX=7
NP=NPL ~
KCOUNT =4

IF(ISHTCH.EQ.1) GO 7O 308
ISWTCH=1

DC 301 1I=1,8

06 301 J=1,8
[F{I.NE,J) GO TO 302
CBAR(IyJd)=1.0

GC TO 301
CBAR(I,J1=0.0D
CONTINUE

OC 312 1=},4

D0 312 J=1,8
SBAR(I,4)=0.0
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35

308 NX=MX+1
CBAR(MX,yMX)=COS(THETA{NP))
CBARTNXyMX)=S IN(THETA(NP )
CRAR{MX ¢ NX )= -CBAR(NXy MX )
CBAR(NX ¢ NX )= CBAR{ MX,MX)

GO TO (303,304,305, 309),KCOUNT

) 307 IF(ESWTCH.EQ.O) GO TO 100

>
Zf&ﬁ.xﬁt‘z.h&‘&ué;n.A e A RN R

309 DC 3107 I=T,4 T ST ;

- 0C 310 J=1,8 ]
SBAR(I4J)=0.0
DC 310 KT8

- 310 SBAR(I9J)=SBAR(T,J)4S{ 14K )XCBAR{KyJ )

DO 31T I=1y4 T ) | ‘ ?
3 0C 311 J=1,8 ’
311 S(14J)=SBAR{I[,4)

DISTRIBUTE S-MATRIX 5

OO

100 IF{ICOUNT.NF.1) GO TO 101
Mi=] %
MJ=3 ;
4 MK=5
3 - ML=7
] NI=NPI
NJsNPJ — " T
NK=NPK ]
NL=NPL
G0 TO 103

101 IF(ICOUNT .NE.2) GO TU 102
Mi=3 — "~~~ T Tt ow
MJ=1
MK=§

ML=T

NI=NPJ

NJ=NPI

NK=NPK B
NL=NPL

GO TO 103

PUIRPIY VTR VLR

102 TF{ICOUNT.NE.3) GO TO 107
Ml =5
MJ=1
MK=3
ML=7 3
NI=NPK 3
NJ=NPI 3
NK=NPJ
T TT O CNLENPLD T TS T T s -
GO TO 103
107 MI=7
Mu=1
MK=3
ML=5
NI=NPL
E NJ=NP1
3 NK=NPJ
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NL=NPK i

c 7

103 DO 114 [=1,4 4
STNPULTyNT)=STNPJLT,NI)+S{T,¥ 1) ;

114 STNPW{I,NI)=STNPA{ I, NI)4S{ I,M141) :

N=1 i

155 GC TO (15091515152, 1531, N ;

3 150 NN=NJ !

: MN=MJ :
6k 1O 154 ’ ;

<k 151 NN=NK : i
MN= MK ;

GO TO 154 ;

! 152 IF(NPL.EQ.0) GO TO 153 ]
AN=NL :

] MN=ML T i
c

154 DC 104 K=1,MXADJP i

=K 3

[F((NPACJINI, K)=NPOUT JLEQ.NN) G} T2 105 ) 3
104 CONTINUE . .
109 WRITE(b9106) NUME,NIyNyNPOUT
106 FORMAT (1H1/30H ERROR IN STRSS, STATEMENT 104/

113H ELEMENT NO.=, 15/13H NODF POINT =, 15/13H N =v15/
213H NPOUT =y 15)
; CALL EXIT

105 D0 115 I=1.4
STADUT T N1, )=STACUL IyNTsJ)4S( 1y MN)
115 STADWUIoNI»J)=STACWE IyNToJ)4S{ Ty MN+]1)
N=N+1
GC TO 155

153 GO TU (110,111,112, 1133, ICOUNT
110 ICOUNT=2

RR=RA{(NP])

R= AJ

i=8J

RP= A

I1P=0.0

GO TO 120 !
111 ICOUNT=3

RR=RA(NPK)

R= AK

Z=8K

RP= A

ZP=B 2
120 IF(NPL.EQ.O) GO TU 25 :

GQ TO 50 ]
112 IF{NPL.EQ.O) RETURN

ICOUNT =4

RR=RA(NPL)

RP=0.0

1p=8

GG TO 50
113 RETURN

END

ca Ak L
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L1STADUSTACW, IPRINTY ¢y THETA, ITYPE,NPOUT,NUMNP )
DIMENS ICN NADONP{MLXNP)yNPADI(MAXNP ¢y MXADJP ) 4yNADJE L {MA XNP}
ISTNPU (4 9y MAXNP ) o STNPW( 49 MAXNP J, STADU( 49 MAXNP yMXADJP),
2STADW {4 yMAXNP s MXATIP )y THETAIMAXNPG )y ITYPE(MAXNP )
DO 2 1=1,NUMNP
DUM=NADJEL(T)
3 DO 1 K=l,4
1 STNPU(K,I)=STNPJ(K, 1)/70U™
L STNPW{KyI)=STNPA(K, I)/DUM
NU M= NADJNP(T) ’
DC 2 J=1l,NUMm
De 2 K=1ly4
STADU(K Iy J)=STADU(K, I,J)/0UM
] 2 STADWI{KegI9J)=STADW(K,y [yJ)/7DUM
3 IFCUIPRINT oNE L3 ) o ANDl IPRINT oNEL99) )RETURN
F WRITE(H6,3) i
3 ’ 3 FCRMAT (1H1 41 3HSTRESS TABLES//6H NIDE8BXy EHSTRNP U, 8X 3 6HSTRND W, ;
IBXy6HSTTINPU)BXy HHSTTNPN,y 8Xy 6HSTIND Uy 8X 9 EHSTINP Wy 8X,6HSTSNPLU 8 X,
3 26HSTSNPW//) K
] ’ ODC & [=1,NUMNP v
E L=1+NPOUT 3
1 4 WRIVE(695) Ly (STNPUIK,y I}y STNPWIK, I)9K=1,4)
4 ’ 5 FCRMAT(15,3X,1P8El4.4)
WRITE(646)
6 FORMAT (1H1,y22HADJACENT STRESS TABLES//6H NODE,10Xs6HSTRADL/
- 116 Xs5HSTRALCW /16X46FSTTADU/ 16Xy 6HSTTADW/16X,6HSTZIADU/
2L Xs6HSTZACRA/ 16X, 6HSTSADU/ 16Xy 6HSTSADW/ /)
DC T T=T,NUMNP o
- L= I+NPQUT
WRITE(6,5) L
NUM= NADJNPI(T)
D0 I3 K=1,4
WRITE!648) (STADJ(Ks Lo Jd)eJI=1sNUM)
9 WRITE(6,8) {(STADWIK, [+ )yd=1sNUM)
8 FORMAT (BX,1P8EL14.4)
7 CONTINUE

AN

kA 3k T S RAD ok

ALELUM v a. ce TA bl

RETURN

END

OO OO0 O

OVERLAY{MOHAN, 7,0 )
PROGRAM TLNKIG o
COMMON MAXNP,MXCLSyMXADJP MXZONEsMXNPB NZONESsMXPEL3 ( NUMNP,
1 NUMEL y ISTRESyNUMPEL ¢yNUMELPPEXIOD)NMKCL S9FACTOR,ALANMB,
2 KT APEy KRJUNy IPRINTy NUMSTyMXSTRT, IELAST(2C) ,IPLAST(20)
3 WGT(20)yNSTART(TI),EI(5,20)y IPELTO, INT,NPRCDS»IMPBX E
DIMENSION FAJ({1600)s FARL 1600)sR(1600)9Z(16C0)»1TYPE(1600), k
1THETAT1500),NPTP{ 16007, ANAME({ 18} CPRESS{1C0,3),PRESSU(L1Q0),
- 2PRESSW (100 )¢ NPLOAD(100),U( 1600, W( 1600),NPADJ(8), SADULIB),
3SACUN(B ) ySADNJ(8) ,SADWA( 81, PLOADU(LICO),PLOADW(LO0),UDISP(100),
4WDISP{100) NPDISP({1GO)
EQUIVALENCE( S sR) 9 (92 Yy {PLOADU,PRESSULUDLISP ),
3 l (PLOADW, PRESSWyWODISP ), (NPDISP NPLOAD)
5 MOHAN=5SHMOHAN
1 REWIND 8
DC 6 I=1,3NUMNP
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6 READ(8} JyRUL)HRILIZ(RIKI,K=1,MXADJP )
READ(8) NJ{NPLOAD{ 1)y NPLOAD( 1) 4NPLOADU I} NPLOAD(IL) NPLOAD (L),
INPLOAD( )y I=1,NJ}
T OREAD(SY TNTSNPYP{ I, I=1,NUMNP )
REWIND 8
WRITE(6,2)
2 FCRMAT(1H1,21HAPPLIED PRESSURE DATA//)
READ(5,3) NLINES
3 FCRMAT (1415)
WRITE(6+4) NLINES
4 FCRMAT (26H NO. OF PRESSURE SURFACES=,15//)
REWIND 4
DO 5 I=1,NUMNP
FAU(1)=0.0
FAWLE)=0.0
5 READ{4T NyRUT)ILZU 1), ITYPE(T), THETA(T)
REWIND &

IF(NLINES.EQ.O0) GO TO 20
DO 19 ILINE=1,NLINES
READ(5,8) LOADNP, ANAME

8 FCRMAT ((15,18'A%)
WRITE{6,9) ANAME, LOADNP, IL INE

9 FORMAT (//18A4/20H NO. OF NODE POINTS=,15,12H ON SLRFACE,IS//)
WRITE(6,11)

11 FORMAT (5H NODE, 10Xy 6HPRESSU, 14Xy 6HPRESSW/16Xe3HP ST 92 7X¢3HPSI/ /)
DO 7 I=1,LCADNP
READ(5,10) NPLOADUI), PRESSULT),PRESSW(T)

10 FCRMAT (15,2E10.0)

7 WRITE(6,12) NPLOAD(T),PRESSUL [),PRESSWII)

12 FCRMAY (I5,1P2E20.5)
DO 13 I=1,L0ADNP
NP=NPLOAD( §)

13 NPLOAD{I)=NPTP(NP)
CALL COEF(MAXNP, NUMNP,LOADNP ,NPLOAD,CPRESSyRyZ,ISTRES)
DO 14 I=1,L0AONP

Coerkrk kb kxS A C AR R RAAR S SRR R R ARG R R R R RAR AR R E R G EE LXK

IF(I.EQ.l) Gt TO 16
DUMU=PRESSU( I-1)%CPRESS( I,1)
DUMW=PRESSW{ 1-1)#CPRESS{ 1,1}
60 10 15

16 DUMU=0.0
DUMKW=0,0

15 DUMUSDUMU+PRESSJ( I)%CPRESS( [, 2)
DUMri=DUNH+PRESSA{ 1)1*CPRESST 1y 2)
IFI1.EQ.LOADNPY GO TO 17
DUMU=DUMJ+PRESSJL I+1)*CPRESS( I, 3)
DUMW=DUMI+PRESSA( I+1)XCPRESSL Iy )

CORRRREX RS RFARRE AR SRR AR R AR AR AR AR A SRR KRR A A S AR EA DR REREF & 4

17 NP=NPLOAD(I)
FAUINP)=FAU(NP)+LUMY
FAWINP)=FAW(NP) + DUMW

14 CCNTINUE

19 CONTINUE

20 WRITE(6421)

21 FCRMAT (1H1922HCONCENTRATEC LJAD DATA//)
READ(5,3) NLINES
WRITE(6/922) NLINES

22 FORMAT (22H NO+ OF LOAU CLUSTERS=,15/7)

AN hin s

"y

PO N

! i bk Lo doiind,




$Lox oLl e 0 i e i ad L Lokl ey A SLb bl SR RS et S (i e L b O S R U "‘VWW('",( Sk T A RARIILIAN T THART T e L )

9g a6z

IF(NLINES.EQ.0) G5 TO ¢b

DO 287 TLUTNE=Y Ny .-7c5 7 7
READ(5:+8) .~ “DNPy »NAME
WRITE(6423) ANAME.LOACNF, IL INE
23 FCRMAT (//718A4714H NO. OF NODES=; [5,21H IN LOAD CLUSTFR NO. ¢15/7)
WRITE.6424)
24 FORMAL (5H NODEy LOXy SHLOADU, 15X, SHLOADW/ 1c (4 3HLB S,y 17X, 3HLBS//)
o 18 T=1,LOADNPT =~ 7 i
- RF DU{5,)030) NPLOAD( U}y, PLOADULT),PLIAOUWLT)
18 W TE(H.12) NPLOAC( )y PLOADUCTI}y PLIOADW(I)

1

N

:

LPCI N N -\m R Y .umhﬁ

RICTHERICHRES SEP 35 T INCA RV IR 3

L 12.4L0%9NP

NF. o« ORI T}

NP AD( I, =N ¥ 7 ah

NP=FLAAD( T

FAU(NP) oo ar) 4 PLOADLLT)
25 FAW("P) FAJINP] + PLOADW! D)

Ho#n

28 CONT[t: ©
26 DO 27 Y=1i,NUANP .
IF(ITYPE(L).NELL) GO TD 27 . '3
DUMU= FAUL 1) *COS (THETACT) ) +FAWC E)#SIN(THETA ()
DU MW= ~FAUC 11 #S INCTHET AL 1)) +FAWL [)XCOSI THE (A (1))
) FAU(I)=DUMU
FAW(Il)=CuMW :
27 CORTINJE —~"—  ~7°" - ,

DC 29 1=1,NUMNP _ :
ull)=3.0 3
- 29 W(i)=0.0

pPeRTY

WRITE(6,30)
30 FORMAT (1HL,1THDISPLACEMENT DATA//)
READ(S+3) NLINES :
WRITVE(6,31) NLINES
31 FCRMAT (30K NO. OF DISPLACEMENT CLUSTENS=~,15//)

IFI(NLINES.EQ.0)Y GO YO 37
DO 32 IULINE=1,NLINES
READ(5:8) LDISP, ANAME
WRITE(64+33) ANAME, LDiSP, ILINE
33 FCRMAT(//18A4/20H NQO. OF NODE PUOINTS=,15,11H ON CLLUSTFR,:I5//)
WRITE(6,34)
34 FORMAT (S NGUEsIOX, 6HUDISPL s 14Xy OHWDISPL/ 17Xy AHING 91 TX43HINL//)
DC 35 I=1,LDISP
READ{(S,LOINPDISPLTI),UBISP(1),WOISP( )
35 WRITE (6,12)NPDISPLT), UDISP( I}, WDISP(I)
DL 3% I=1.LDISP o3
NP = NPCISP(I) TG
MPDISPITY = NPTPI(NPY ’ 4
NP=NTDISP( !}
UUNP)=JUDISPLI) !
36 WINPI=WDISP({T} ; 3
32 CONTINUE

37 REWIND TO K
REWIND 13
90 38 [=1,NUMNP
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. 1,)
READ(LO) NyiAD!VPolTYPE([ioTHE%A([) KMA SSo SNPLUs SNPUWySNPWh
LINPADJI(J) s SADUUCI Y9 SACIWIS )y SADWUES 79 SADWWIJ) 9 J=1 ¢ MXADJIP)
: FAN(!)‘FAN(1)+XMASS
38 WRITE(T471,NADINP, lTYPE(l),THETA(I),XMASS SNPLLy SNPUW ¢ SNPwWW,
l(NPb"‘.J)pSADUJ(J)vQADJN(l)oSADNU’J)vSADHH(J)'J L MXAD JP) ,
ZFAU(!):FAN(I),J(!),H(I)
' " REWIND 10
REWIND 14
IF(([PRINT.NE $) e ANDS( IPRINT ,NEL99) RETURN
WRITE(6,101]

101 FORMAY (1H1y32HINPUT LOAD AND DISPLACEMENT DATA//
lSXoBHNEN,lZX,bHJDlSPL'14X.6HWDISPL.lkX,ﬁHLUADU,lSXoSHLOADN/
25X 94 HNOCE 12Xy &4 HU INYy 16X 4HEIN ) 15X SHILBS) 915Xy 5H (LB S) //)

OC 102 l=1,NJMNP
102 WRITE(6,103) T1,J(1)yWl )y FAU(T), FAW(I])
103 FCRMAT(!BoZK,lP4F20 5)

RETUYRN

s X X3!

END
SUBROUT [NE COUEE(MAXNP , NUMNP , LOADNP y NPLOAD ,CPRE SS4R s 241 STRE S)
DIMENS ICN NPLOAD(LOADNP )y CPRESS{ 100y 31 R(MAXNP ) o Z {M& XNP)
DC 1 1=1,LCADNP '
! © DC 1 J=1,3 ‘
1 CPRESS ([,J1=0.0

: NU M= LOATNP-1 *
. , DC & I=1,NUM
) NP=NPLOAD(I)
NPL=NPLCAD(I¢1}
AJ=R{NPL)~-RINP)
BJ=Z(NP1)-Z(NP)
AL=SQRT{AJ*AJ+BJ%8J)
IF(ISTRESNI,0) GO TQ 2
Cl=AL*{3.R{NP)+R(NPL1))/12.
C2=AL*{R(NP)+R(NPL))/ 12,
g C3=AL*{RINP}+3,%R(NPL1))/12.
s ‘ Ge 19 3
Cl=AL/3.
C2=AL/6.
, c3=C1
. ‘ 13 CPRESS(1,2)= cpkessi!,2)+c1
. - CPRESS(143)=C2
f M= I4)
CPRESS(M,213=C3
- CPRESS (M,1)=C2 '
¢ CCNIINJE

RETURN

END

i
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 OVERLAY { MOMAN, 10,0 )
' PROGRAM LNKIH .
COMMON MAXNP, MXCLS s MX ADJP ¢ MXZONE o MXINPB y NZDNE S g MXPEL3 ¢ NUMNP o

1} NUMEL y ISTRESyNUMP FL, NUMELP,PEJIOD,NMKCLS+FACTORALAMB,
2 TTKYARE  KRIN, IPRINT ZNUMST,MXSTRYT, IELAST(20), LAST(20},
3 WGT (201 ¢ NSTART(T79)y ET( 59 20)y IPELTP L INTNPRCD S

QIMENS ICN NAOUNP}&OO)’lTYPE(kOO).SVPUU(AOC),SNPUH(QOO'c
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LSNPWU (400 ) ¢SNPWW( 400) ¢ NPACJ( 4C0, 16) 4 SADLU{ 4CO, 16) ,
; 2SADUW(400,16) ySACWI (400, 16), SADWWI 400, 1€) 4FAU(400), ;
f 3FAW(400) 4 J (405 ), {400)
DIMENS I'CN UN( 1600 ) ,WN{ 1600)
MCHAN= 5 HMOHAN
C##‘##**##*t#**#***##*#**#*****#**#***#*#*#***##**#**t######**#*###**tt# A
WRITE(6,1000) ‘
1000 FCRMAT (* ELTMINAT ION SOLUTION HAS STARTED%) ;
CARRRRER AR A AR R SRR AF KRR R A GRERE AR EERR AR ARG EEER IR RY ;
REWIND™ 1Y \
REWIND 14 \
; NXADJP=2%MXADJP
' NPOUT=0
NUMCP=)
KX=1
GC TO 900
L DO 50 N=1,ANJMNPB
3 IDUM=NACJINP( N)
3 IF(IDUM.EQ.D) GO TO 60
DC 51 J=1,ID9JM
IF (NPADJ(N,J ) «GT « (INPOUT +NUMNPHB ) GD TD 59 /
51 CONTINUE /

PN, & 42

z 60 IF(ITYPEIN).EQ.O) GO TO 5C
: IF{IDUM.EQ.0) GO TO 61
~ D0 52 J=1,10JM 3
NADJI=NPADJ (Ny J)
NRDJ=NATI=NPOJT =~
JDUM= NACJINP( NRDJ )
50 53 K=1,JDJM
KK=K
IF (NPADJINRDJ+K) . EQ.{N#NPOUT)) GO TO 55
53 CONTINUE
WRITE(®454) %
54 FCRMAT (1H1,26HERROR IN L1+, STATEMENT 54//)
NCDE=N
G0 TO 909
. 55 IFCITYPE(N).EQ.1) GO TO 56
FAU(NRDJ)=FAJ(NRDJ ) =S ADUU(NRDJ 4 KK J#U(N) *
FAWINRDS)=FAd {NRDJ ) =S ADWUINRDJ, KK )#U(N ) ;
SADUU { NRDJ ¢KR 1=0,0 ,
SADHU { NRDJyKK 120 .0 ;
SADUU(NyJ1=0,0 '
SADUW{NyJ)=0 a0
56 IF(ITYPE(N).EQ.3) GO TO 52 ﬂ
FAUINRDJT=FAJ INRDJ )-S5 ADUWINKDI g KK )EW(N )
FAW(NRDJY=FA4 {NRDJ ) -S ADWN (NRDJy KK 1% (N )
SADUW (NRDJ KK )=0 0
SADWW (NRDJ KK =00 ]
SADWU(NyJ3=0 .0
SADWY (NyJ)=0 .0
52 CONTINUE ~
61 TF(ITYPE(N).GT.1} GO TO 57 ]
FAW(N)=W(N) :
FAUIN)=FAUIN) ~SNPUW(N ) ¥WiN) ,
SNPWW{N)=1.0 ]
SNPUW(N)=0 .0 3
SNPWU (N1=D .0 :
GC TO 50
57 IF(ITYPE(N}.GT.2) GO TO S8
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149 A-65

FAUIN)=U{N)
FAW(N)=WIN)
SNPUU(N)=1.0
SNPAWW{N)=1.D
SNPUWIN)=0LD
SNPWU(N)=D.0
GC TO 50
58 FAUIN)=U(N) :
FAWIN)=FAR(N)=SNPWIIN)IRU(N) §
SNPUU(NY=1.0 '
SNPUW(N)I=0.)
SNPWU(N)=0.0
50 CCONTINUE
S9 DC 3 N=1,NUMNPB
AN=N
JOUM= N+ NPQUT
IF(JOUMLEQ.NIMNP)Y GO TO 14
IDUM=NADJNP( N}
DC & J=1,1CUM
IF(NPADJ(NYJ) «GT < {NPGUT +NUMNPB)) G TO 43
4 CONTINUE
NRMC P= NRMCP+1
DC 5 J=1,1CUM
NADJ=NPADJ(N,y J)
NRDJ=NADJI-NPOUT
DC 6 K=JyICUM
IF(NPADJIN,K).EQ.NADJ) GO TO 6
DO 7 L=1,NXADJP
LL=tL
LA=LL
IF (NPADJ{NRDJ L) EQ.NPADJIN,K))» GO TI 6
[F(NPADJI{NRDJ L) EQ.0) GO TO 9
7 CCNTINUE
IF(NADJ.LT.300) GO YO 6
WRITE(6,81}
8 FORMAT (1H1,25HERROR IN L1k, STATEMENT 8//) ]
NCDE=N
GC TO 999
9 NPADJ(NRDJ,LL)I=NPADJ(N,K)
NADJNP{NRDJ)=NADIJNP(NRDS 1 +1
NBDJ=NPADJ(N, K)-NPUUT
OC 10 L=LyNXADJP
LL=L
1F (NPADJINBDJIsL)FQ.0) GO TO 12
10 CONTINJE
NPADJ{NRDJ,SLAI=D
NADJNP (NRDJ) = NADINP(NRDJ )-1
IF(NADJ.LEL320) GO TQ 6
WRITE(6411)
11 FORMAT (1H1+26HERROR IN L1k, STATEMENT 11//)
NCDE=N
GO YO 309
12 NPADJ(NBDJ,LLI=NADY
NADJNP(NBDJ)=NADIJNP(NBDJ }+1
CONTINUE
CONTINJE
D0 20 J=1,I10UM !
NADJ=NPADJ (N, J) &
NRD.J=NACJ~-NPQUT
JOUM=NACJINP{NRDJ)
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i.i3
DC 21 K=1,4DUM
KK=K
IF (NPADJINRDJ,K) EQ.IN#NPOUT)) GO TO 23
CONTINUE"
IF(NADJLLE.300) GO TO 20
WRITE(6,22)
FORMAT (1H1 ,26 HERROR IN L 1k, STATEMENT 22//)
NCDE=N
GC TO 903
SFULU=S§Aa0UUTNRDJ, KK)
SMULN=S ADWU(NRDJ ¢ KK)
SNPUU(NRDJI)I=SNPJJINRCS I-SMULU*SADUU(Ny I )/SNPUL(N)
SNPUW{NRDJ }I=SNPIW(NRDJ )=SMULU*SADUW(N,J )/SNPULL(N)
SNPWUICNRDJI=SNPAI(NRDS ) ~SMULWESADUUIN, J)/SNPLU(N)
SNPWW {IHRDJ I=SNPAW{NRDJI I-SMULW*SADUW(N,J )/SNPUUIN!}
DC 24 K=1,JDUM
IF{NPADJINRRJ K} NELAN+NPOUT)) GO TO 25
SADUW(NRDJIyKI=SADUWINRDI s K }=SMULURSNPUWI(N) /SNP LU(N)
SADWW L NRDJ 4K I=S ADWW (NRDJ ¢ K ) =SMUL WXSNPUW(N ) /SNPLU(N)
SADUU (NRDJ4K)=0.0
SADUUINRDJI K )=0.0
GO TO 24
DC 25 L=1,10UM
LL=L
IF{NPADJUNSL) .EQ.NPADIINRCIHyK )} GO T2 27
CONTINUE
GO 70 24
SADUUTNRDI,KT=S ADUUTNRDJ »K }-SMUL UXSADUUIN,LL I /SNPLUIN)
SADUWINRDJ WK} =SADUWINRDJI K )=SMULU%XSADUWI{N,LL) /SNPLUIN)
SAUWU (NRDJ 4K ) =S ADWUINRDJS 9K }-SMUL W SADUUIN,LL) /SNPLU(IN)
SADWW {NRDJyK ) =S ADWAN (NRDJ ¢ K }=SMUL WXSADUWIN,LL) /SNPULIN)
CCNTINYE
FAUINRDJI=FAS(NROJ)I~SMILUXFAUIN }/SNPUUIN)
FANW(NRDIY=FAN {NRDJS)~SMULWXFAUIN ) /SNPUU(IN)
SADWUTINeJ)=SADNJI( Ny J)~SNPWUN i*SACUUIN,J) /SNPULI(N)
SADWW Ny JI=SADNA( Ny SI=SNPWU(N & SADUWIN J) /SNPLUIN)
CONTINUE

FAWIN)=FAWIN)-SNPWJINIXFAU(N)/SNPUUIN)
SNPHUW{NTZSNPAA (NI -SNPWUIN)I*SNPUWIN) /SNPUUIN)
SNPUWINI=SNPJA(NI/SNPUJI(N]
FAUCN)=FAJ(NI/SNPUJIN)

JOUM=N+NPOUT

iF(JDUNGEQ.NUMNP) GO TO 15

DO 28 J=1,IDUM

SADUU TNy JI=SADSI Ny JY7SNPUUIN)

SADUN (N, J)=SADUA{N, JI/SNPUU(N)

0C 31 J=1510UM

NADJ=NPADJ(N,y J)

NRDJ=NADJ- IPLUT

JOUM=NADJRP{NRDJ)

DC 32 K=1,JDJM

KK=K

IF (NPADJ(NRDJ,K).EQ.UN+NPOUT)) GO TO 34
CONTINUE

IF{NADJ.LE.3DD) GU TU 31

WRITE(6:33)

FORMAT ( LH1 y25HERROR IN L 1F, STATEMENT 33//)
NCULE=N
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GC TO 909
34 SMULU=SADUW(NRDJ,KK)
SMULW=S ADWW (NRDJ, KK )
SNPUU (NRDJI=SNPIJINRDJ )=SMULU*SADWU(NyJ ) /SNFWK(N)
SNPUN (NRDJ)I=SNPIN(NRDJ }~SMULU*SADWH( Ny J )/SNPUW (N}
SNPWU (NRDJ )=SNPWJ (NRDJ )~SMULW*SADWULN¢J )/ SNPHK (N} ;
SNPWWINRDJ)I=SNPAA{NRDI )=SMULWASADWW (N J )/SNPHW(N) ;
DC 35 K=1,JDUM !
IF (NPADJINRDJ 1K) EQ.{N+NPOUT)) GO TG 35
DO 35 L=1,10UM ) )
L=t
1 IF (NPADJ(NyL ) cEQ.NPADJI{NRCI,K)) GO TI 37
, 36 CONTINUE
3 GO TO 35 ;
37 SADUU(NRDG,K)=SADUJINRDJ yK }-SMULU%SADWU(N,LL}/SNPRh(N) i
SADUW(NRDJ¢yK )=SADUN(NRDJI ¢ K ) =SMUL U*SADWW(NoLL} /SNPWW(N) !
SADWU (NRDJ¢K ) =SADWU(NRDJ 9K ) ~SUUL WESADWUIN,LL) /SNPRW(N)
SADWW (NRDJ 4K ) =S ADWW(NRDJ K ) =SMUL WESADWW (N, LL) /SNPWW({N)
35 CONTINUE
FAUINRDJ)I=FAJINRDJ ) -SMILUXFANIN)/SNPHWIN)
FAWINRDJII=FAN {NRDJ)-SMULWHFAWIN ) /SNPWH(N)
31 CONTINUVE &~ ~ ’
FAAIN)=FANIN)/SNPWW(N)
{ DJ 38 J=1,10JM
3 “ADWU(NyJ)=SADNI(N;J)/SNPWW(N)
23 38 SADWW(N,J)=SADAN{NyJ)/SNPWH(N)
2 DO 40 J=1,1DJM
NADJ=NPADJ(N,J)
NRDJ=NACJI-NPOUT
ISW=0
JOUM=NADCJNP{NRDJ)
DC 41 K=1,JDJM
IF(ISW.EQ.l) GO TO 42
IF INPADJINRDJI +K) NELNNPOUT)) GO TO 41
ISw=1
42 IF(K.EQ.JDUM) GO TO 39
NPADJ{NRDJ yK)=NPACJI{HRDJ K +1)
SADUU {NRDJyK )=S ADUU (NRDJ,K +1)
SADUW(NRDJ K )=SADUW(NRDJ K +1)
SADWU (NRDJ,K)=SADWJ(NRDJyK+1) S
SADWW(NRDJyK)=SADWH (NRDJ,K+1)
GO TO 41
39 NPADJUINRDJ,K)=0 ;
SADUW(NRDJ,K)=0.0
SADWU (NRDJ K )¥=0.0
SADWW({NRDJ9K)=0.0
41 CCNTINUE
NADJINP (NRDJ)=NADJINPINRDJ )-1 :
40 CONTINUE ;
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GC TO 3

15 WIN)=FAW(NI}I/SNPWW(N)
UIN)=FAUIN)=SNPIWN(NI*W(N)
GO T0 800
3 CONTINUE .

43 WRITE(10) NPOUTyNRMCP,( ITYPE( L)y FAULT)FAW( L), SNPUW(E?, i
1 NADJUNPULI)y(SADJI( Ly )y SADUWL 193 )y SADWULT,,J)ySADWKIL 4 ), k

ki 2. ke . ki
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2NPADJ(1,J)yd= 1y NXADIP )y I=1, NRMCP )
NUMCP=NUMCP+NRMCP - !
NPOUT=NUMCP ‘
NPR= RUMKPB-NRMCP ; -
GC TC 902 . =
44 KX=NPR+1 ~
GC 7O 900° !
4% NODES R=NUMNP-NUMCP _
IF (NODESR.LE.MXNPB) NUMNPB=NJDESR'
IF{NCDESR.GT . MKNPBY NUMNPB=MXNPB : '
GO TO 904 ' ' ’
46 NRMCP=0 ‘
GC TO 1

900 DC 901 1
NADJNPI
ITYPE(I
SNPUU( I
SNPUW{
SNPWU {
SNPWW!
FAULT )=t
FAW(T) ' .
UlI)=0.0 '
H{l)=0.0 . '

DC 901 J=1,NXADJP ) .
NPADJ(I,4)=0 ' '
SADUUTY WJTV=0.0 " 7 ~ © T ‘ o

SADUW( [49120.0 ‘

SADWUI(T J)=0.0 :

901 SAUWWI(I 1¥=0 .0 . B e
GO TO 45 !

902 00 303 =1}, NPR
K= NRMCP+L™
NADJNP(L)=NADJINP(K) : '
ITYPE(LI=ITYPE(K)
SNPUU{ LI=sSNPJUUI(K)
SHPUW(L)I=SNPUNWIK)
SNPHU(L)I=SNPHUI(K)
SNPHW{LIZSNPAA(K)
FAU(L)=FAJ(K)
FAWIL)=FAW(K)
ulL)=u(K)
WiL)=W(K)
DC 903 J=1,NXADJP
NPADJ{LyJ)=NPADJ(K, J) : /
SADUU(L 9 J)=SADUJ(K,y J) : .
SADUW L, J)=SADUNIKyS) : '
SADWU (L J)=SADNJ(KyJ)

903 SADHW(LsJ)=SADHNWIK, J)
GO TO 44

904 CONTINJE
DO 905 =KX NJMNPB
READ(14) NoNADJNP(l).lTYPE(l) THETA ) XMA SS9 SNPLULT ) s SNPUW(T ) o

ISNPWWIT) o INPADJ( §9d )y SABUUL 19 J 0y SADUN(T 5330y SADWUCT ¢J) »SADWWIT 9J)
2J=1 o MXACJP), FAUL L)y FAN( E)eUL T )WL T)

90% CONTINJE
DC 213 T=KX,NUMNPE™ !
SNPWU(TII=SNPIWLT)

913 CCNFINUE

KX9 MXNP[
0
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1ig' Ar69 :
' GO :TO 46 i ‘ = ;
909 WRITE(6,910) NPOUT,NDCE,NADJ - ‘ .
© WRITE(6+311Y (NPADJ({NODE,K )yK=1.NXADJP } ‘
' WRITE(6,911) (NPACJINRDIK I, K=1yNXADJIP )
910 FGRMAT(?H NPQOUT=, I5/7KH NOCE =, I5/7H -NADJ -.15/7H NPAD =)
911 FCRMAT(1615)
CALL EXIT
. 800 DO 801 N=1,NJMNP |
UN(N}=3.0
80! WN(N)=0LD
UN{NUMNPI=U (NN}
WNI{NUMNP)Y=W( NN)

P

' i '
IF(NPOUT.EC.O).GO TO 807
BACKS PACE 10

807 CONTINJE —~ =
805 DC 802 !=1,NRMCP
J= NRMGP+1-1
\ N= J+ NPOUT ;
WNIN)=FAW{J) ' : ' ) ;
10UM=NACINP(J) ‘ D ;
DC B03 K=l,1DuUM
NADJ=NPADJI(J,K) -
BO3 WN(N)=WN(N)- SADHJ(J.K)*UN(VADJ) SADHH(J'K)*NN{NADJ)
UN{NY=FAU(J) =SNPUW(J) *WNIN)
; DC 804 K=i,J0DUM -
. NADJ=NPADJ(JyK) 3
804 UN(N)=UNIN)~SADIJ(Jsk IFUNINADY - SADUH(J,K)*HN(NADJ) 3

Ak LT AR R abbr B Atriosbu st

I 1 ] {1

(@]

802 CONT!NJE

-

IF(N.EQ.I) GC 10 806

A

(e

READ{IDY NPUUT,NRMCP,{ ITYPE! 1), FAULE)oFAW( L) SNPURIT)Y, ,
1 NADJNP(I),(SADJJ‘lyJ),SADUH(I,J)'$ADHU(I:J)ySACkH(!oJ)o
.2 NPADJ{1,J)yJ=1y NXADIP ), 151, NRMCP) ‘

IF{NPOUT.EC.3) GO TO 805 ,

BACKSPACE 19 : - .

BACKSPACE 10 . .

GC TO 805 , ;

.
Btk vt dead sk

806 REWIND 10
REWIND 14

DC B08 I=1,WNUMNP '
i READ{14) NpN‘OJNP'JTYPEQTFEIAQXMASSwSTVPOUcS'NPUK.STNphh’

1 (NPAUJ;(leJ)QSADUU(loJ,QSADUW( Tedly SADHL([QJ)QSAth‘le’,l '

2 J=17MXADJP§rFUoFN:UGU*QNCUM

L e
IENENG TR A T

1808 WRITE(10) NyNTDINP,JTYPE, THETA, XMASS,STNPLU, STNPUW, S TN, FUsFWs
LANPADSI(1vd)sSADUU(1sd 1o SADUN 19 )y SADWW( 14D J=1sMXAG 9P
REWIND 8
REWIND 10
REWIND 14
1 .
| DC 803 I=1,NUMNP~ !
BO9 READ(S JyFAJ(LY, FAUCL),§ FAULK )yK=1,MXADIP )
- READ(S) NUc (ITYPECI)e ITYPECT), ITYPECTI)GITYPEL D) o ITYPF LY,

i ] . .
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1 ITYPE(I),I=1,NJ)
READ(8) (NJyNUy I=1;NUMNP )} y
WRITE(B) (UNCTYoANCL)y I=1,NUMNP) y

REWIND 8 ;
IF(UIPRINT SNEL6) o ANCo{ IPRINT .NEL99) )RETURN K
WRITE(6,4810)

810 FCRMAT (1H1,?22HRESULTS OF EL IMINATION// 3

15X s3HNEW, 12Xy 6HJDISPL,y 14Xy 6HADISPL/ :
25X y4HNOCE, I?X 4 4HU IN), 16X, 4H{UINY/ /)
DG 811 [I=1,NUMNP

Bll WRITE(6:812) 1yJN(T)yWN(TI) :

812 FORMAT (18,2X4 1P2E20.5) 3
RETURN ;
END

OVERLAY(MOHAN, 11,0 )

PROGRAM LNK11

COMMON HAXNP s MXCLS ¢ MXADJP yMXZONE s MXNPE ¢y NZONESyMXPELB 9 NLMNP

1 NJMEL, ISTRES,NUMPEL NUMELP yPERIOD,NMKCL SyFACTOR ALAMB, :
2 KTAPFy KRINy IPRINTyNUMSTyMXSTRTy IELASY(2C) o IPLAST(20) ]
3 WOT(20) o NSTART(TI),EI(5420)s IPELTPy INTyNPRCDSyIMPBX

DIMENS ICN NADJUNP(400), ITYPE{ 400), THETA(4CC) s XMASS(4CO)
LSNPUU (40D ) ySNPJA{ 400) ¢ SNPWW{ 4003y NPADJ (400, 8) SADLULSOC,8) »
2SADUWT400:8), SADNW(400, 8},NADJEL( 400) :

DIMENS ION STNPU(4y400)) STNPH( 44 400) ¢ STADUL4,4CCot
LSTADW(4,400,8)

DIMKENS ICN NPLOW(BO)yNPHIGH( B80),NPOUT(80),NUMCP (B8O},
INELCLS {BO) yNMPCLS(80),NPTN(1600), FAUI4OC),FAW(400)

EQUIVALENCE (STNPUL 1), ITYPE), {STNPU(4CLl)yTHETA),
LISTNPU(BOL1):XMASS ), (STNPU({ 1201)y SNPUU)y {ISTNPW( 1)}, SNPUR), i
2(STNPW(40L)ySNPWW )y (STADUL 1)y SADUU)» { STADU(32C1)y SAD UMW) ‘
3(STADJL6GDL) ¢ SADNW )y (STADW! 1)y NPTNI, (STNPW(BCL} FAL),
G{STNPW{1201)yFAd)

MCHAN=5 HMOHAN 3
REWIND 8
DC L I=14NUMNP
1 READ{B) NyNPLOW{ 1)y NPLOW( 1), (NPLOW(J)yJ=14MXADJP)
READ(S) "NINCLS, INPLOATT I NPHIGH( I )4 NPOUT(T },NUMCP (1),
tNELCLS {T) o AMPCLS( [}y I=1yNUMCLS)
REWIND 10
REWIND 14
Ic=1
NLOW=NPCUT (IC)+1
NHGH=NUVCP(IC)
104 DC 101 L=NLOW,NHGH
101 READ{L10) NyNADINP(L )y ITYPE(L do THETA(L )y XMASSIL ) ¢ SNPLU(LY, :
LSNPUWCLY ¢SNPAAILYGFAJCL Yo FAWIL }p {NPADJI(LyJ )y SADUUIL 9 J) » SADUWIL 4 J) ]
ZSADWW(Led)9J= 14 MXADJP)
NUMNPB= NUMCP( IC)-NPOUTL IC)
WRITF{14) NPLOAUIC) NPHIGH{ IC)yNPOUT{IC )4NUMCP (IC) NCLCLS{IC),
LAMPCLS (IC) yNIMNPBo ( NACINPL 1)y ITYPE( I)o THETA (L) o XMASS(T ! 4 SNPLLIL),
2SNPUWCI) ySNPAR( T} FAUL T FAWL I)o (NPADJI(T,J39SADUULT 4 J) ¢ SADUNLE 4 J)

o
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3SADWHIT 9Jd)yJ=1sMXADJP )y [=1: NUMNPB)
. [C=1C+1
. [F{IC.GT.NUMCLS! GO TG 105
IF(NPOQUT{IC) .NEJNUMCP(IC-1)) GO TU 103
NLOW=1
NHGH=NUMCP{TC)-NPOUT( IC)
GC TO 104
' 103 NPR=NUMCP({IC-1)-NPOUT(IC)
g DC 102 I=1,NPR
3 L=NPOUT{TCI-NPUIT L TIC-1)+I
NADJNP(1)=NADJNP(L)
ITYPE{I)=ITYPEIL)
THETA(I)=THETA(L)
XMASS (I)=XMASS (L)
SNPUU L E)=SNPJ (L)
3 SNPUW(T)=SNPUWIL)
3 SNPWW(I)}=SNPAA(L)
FAU(L)=FAU(L)
FAW(l1)=FAW{L)
DO 102 J=1,MXADJP
NPADJ(1+J)=NPADJ(Ls J)
SADUUL T 4J)=SADUJI(L,J)
SADUW(T,J)=SADUNIL,J)
4 102 SADWW(LoJ)=SADNd(L,J)
; NLOW=NUMCP(TIC-1)-NPOUT{ IC)+1
3 NHGH=NUMCP{IC)-NP(WT( IC)
3 GC TO 104
: 105 REWIND 10
REWIND 14
DC 105 NC=1,y NJMCLS
READ(L4) NLyN2yN3yNayNSyNEyNT, (NADINP(T ), ITYPE(L) THETAL(]) ,
LXMASS (L) sSNPIJIC L) o SNPUAC I )y SNPWR(E) o FAUCT ) FANWIT) o (NPADJLL »J)
2SADUUCT ¢ J) oSADUNL T ) s SADWR( I3 J )ed=L1oMXADIP I, 1 =1,N7)
WREITE(CIOINLoN2ZyNIgNGyNSyNOEINTy INADINP( L) ITYPE(L),THETAL(])
IXMASS{I)oSNPIICT)oSNPUAL T} SNPWW(T)yFAULTL) ,FAW(T) o INPAD UL +d),
2SADUU T 9 J)sSAUDIAT Ty s SADWWL T4 J ) ed=1oMXADJIP )y =1 4NT)
106 CCNTINUE
READ(3) {NPTN{ 1)yNC, I=1yNUMNP )
HRITE(L1IO0) (NPTN(I},[=1yNUMND)
REWIND 8
REWIND 3
' IC=1
NLOWw=1
NHGH=NUMCP(1C)
204 DC 201 L=NLOW,NHGHKH
20%F READ(3) NyNADINPUL I NADJEL{L )y (NPADJI(L yJ)yJ=14MXADJIP) ,
LISTNPU KoL) g STNPWI KL )oK K=154)e ({ {STADUIK Ly J) s STADWIK L yJ)»
2KEle%)yJ=1,MXADSP)

R T S

c

NUMNPB=NJMCP( IC)-NPQUT( IC)

WRITE{L10D) NPLOW(ICIoyNPHIGH{ IC)sNPOUTLIC }yNUMCPIIC) 4NELCLS!IC) »
INMPCLS [ IC) ¢ NUMNPBy INADISNP L 1) o NADJEL (1), INPADJI(TyJ) =1 MXADJP),
2ISTNPY(IKy [V o STNPHIKy I )gK=1g4)p {USTADUIK y19J) o STAUMIK I cJ)»
AK=1496) =1 4MXADIP ), I= 1, NUMNPY)

C

IC=s1C+1

[F(IC.GT.NUMCLS) GO TO 20¢%
IF(NPOUT (IC) SNELNUMCP(IC-1)) GO TO 203
NLOW=1

NHGH=NUPMCPLIC)-NPOUTL iC)
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GC TO 204

203 NPR=NUMCP(IC-1}-NPOUT(IC)

DC 202 'I=1,NPR
L=NPOUT{IC)-NPOJT L IC~1)+!
NADJNP(1)=NADJUNPI{L)
NADJEL(IT=NADJEL(L)

DC 207 J=1yMXADYP

207 NPADJ(I,J)=NPADJ(L,J)

202

205

00 202 K=1,4 )
STNPULKy1)=STNPJ{K, L)
STNPRI{KyI)=STNPA{K,L)

OC 202 J=1,MXADJP
STADU(K,I,J)=STADU(KyLyJ)

NLOW=NUMCP{IC=-1)-NPOUT( IC)+1]

NHGH=NUMCP(IC)-NPOJT( IC)
GC TO 204

REWIND 10
REWIND 3
RETURN
END

OVERTAY{MOHAN, 12,0 )
PROGRAM LNK1J

A-T2

COMMON MAXNP, MXCLSyMXADJPyMXZONE)MXNPByNZONESyMXPELB ¢y NUMNP,
1 NJMELy ISTRES ¢y NUMPEL s NUMELP,PE IOD,NMKCL SyFACTOR,ALANMG,

2

DIMENS ICN NPLOWIB8OD),NPHIGH( 8O ),NPOUT({80),NUMCP (80) ;

LNELCLS (80) ¢yNMPLLS(80)

DIMENSICN JPLAST(20),CC(4y4)
DIMENS ICN NOOFEL(24)eNP(24y4)y ITYPE(24y4)e THETA(24,44),
1C(26:4+4)9B(249498)9P(24y894)9EPSTIL(24,4)EPSPIL(2444),

2SIGIL(24,4),DIM(2429), IDUM( 244 29)

1
2
3
4

EQUIVALENCE (DJM, IDUM)

DIMENS ICN ALPHA{20),CAPPA(20)9sCOSTH(20),NOYILD(20),

MYTELD{2D ), TRESID( 20}
MCHAN=5 HMOHAN
IF (NUMPEL.EQ.O) RETURN
REWIND 12
REWIND 8
0C 1 I=14NUMNP

READIBY T, NPLONCTITY,NPLOW( 1)y (NPLOW(J)9J=1,MXADJP)
READ(3) NJUMCLS s (NPLUA( I)sNPHIGH( [ )¢ NPOUT(T ) NUMCP(I),
INELCLS (T)oAMPCLS( 1), I=1yNUMCLS)

REWIND 8

REWIND 4

DO 2 [=1sNUMNP
READ{4) NyRe D, IT,TH
READ(4) NZCNFS

DC 3 I=14NICNES

SSTAR(20y 10 )y HSTAR( 2Cy 10)
2y COHESN( 2D ), FRCTNL1( 201, FRCTN2{20) ¢ SNSWCHI(2C},
CRESIDI20 )} FRESIDI20),JTENSN( 20),

KVAPE,) KRINy IPRINT,NUMST,MXSTRT, IELAST(2C),IPLAST{20]} ,
3 WGT (20} 4yNSTART(79)9EI(5420), IPELTP INT,NPRCDS,IMPBX
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U
READ(4)Y TZyTCLAST(IZ)yJPLASTUIZ)yWOT(EZY}W(EI(IIZ)yd=1+5)
IF(JPLAST(I21.EQ.0) GO TG 3
IF(JPLAST(IZ).GT .1} GO TO 4
READ(4) Ky (SSTAR{ 179J)9J=11K )y L HSTAR(1Z9d)9J=1,K)
NOYILD(T1Z)=K
GC TO 3
4 IF(JPLAST(IZ).6T.2) GO TN 10
READ( 4) ALPHA(IZ)y CAPPA(IZ)yCOSTH(IZ)
GC TU 3
10 IF(JPLAST(fZ).6T.3) GO TO S
READ(4 ) COHESN(IZ ), FRCTNLL 12 ), FRCTN2(12),
1 SNSWCH(IZ}yCRESID( IZ), FRESID(1Z),
2 MYTELO(IZ)y IRESID(IZ ), JTENSNC(ILZ)
GC 10 3
5 WRITE(646) (LyJPLASTIIZ2)
6 FORMAT (1H1,22HERROR IN L1+ ZINE DATA//1CX, THZONE =,15/
LIOXTHJIPLAST =, I5)
CALL EXIT
3 CONTINUE

JCLus=1
NUMTEL=0

3 IF{NMPCLS(JCLUS).NELO) GO TU 7
JCLUS=JCLUS+1

9 IF{JCLUS.LEJNJMCLS) GO TO &
REWIND 12
REWIND 4
RETURN

7 NUMCEL=0
100 IFUINELCLSEJCLUS )-NUMCEL )L TMXPELB) NUMELB=NELCLS{JCLLS)I-NUMCEL

IF(INELCLS(JICLUS ) -NUMCEL ). GE.MXPELB ) NUMELB =MXPELSB
DC 200 KK=1y9NJMELSB
READ(4) JJyNUOFEL(KK )y IZONEy IPLASTIKK) NP (KK,1) oNPIKK;2) ¢NP(KK,3),
INPIKK94 ) g NCRACK) ITYPE(KKy 1) o ITYPE(KK g 2) 9 ITYPEIKK3) I TYPE (KK &),
2 THET A(KKe L )y THETA{KC; 2) s THETA(KK 3}y THETAIKK 94} o
3 RIVRIyRKyRLyZ142Jy2K,y 2L
IFIJJLEQ.JUCLUS) SO TO 239
WRITE(6,+240) JJ,JICLUS
240 FCRMAT (1HL,THJJ =y IS5/ 7+ JCLUS=,15)
CALL €XIT
239 CONTINUE
202 IE=1ELAST(IZUNE)
AL=El(1sIZCNE)
A2=E1(2,12ZCNE)
A3=ET(3,1ZCNE)
A4=El (4, 1ZCNE)
AS=E1{5,1ZCNFE)
NUME=NQOOFEL{KK)}
CALL ELCST(IE.ISTRESy Als A20A3,A49A%,CCoNUME)
DC 203 =144
DC 203 J=144
203 CUKKy1,J)=CC(1,4)

DC 204 I=1,%

DO 204 J=1,8

BIKKy,1,4)=0,0
204 PIKKyJ,21)=0,0

IF(NP{KKy4)aNE.O) GO TO 208
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TN

205

212

207
206

208

213

209

AJ=RJ~-R1
AK=RK-RI
BJ=2J-11
BK=IK-L1
HH=AJ*BK-AK*HJ
AA=AJ~-AK
88=8J-8BK

BI{KKy1y1)=RBB8/FH

B(KKyl93)=BK/tH

BIKKylyS)=-BJ/HH

IF(ISTRES.NE.D) GO TO 205
RO=(AJ+AK)/3,

IC=(B8J+BKI)/ 3.

CAPRO=RT+RO ~
BIKKy2y13=(HH+BB%XRO-AA%*ZN)/{ HHXCAPRD)
B{KKe2y3)=(BK*¥RO-AK*Z0)}/(FH*CAPRD)}
BIKKy299)=({~-BJ*RO+AJ*Z0 )/ { HHECAPRO)
B{KKy342)==-AA/HH

B{KKy3¢4)=~AK/HH

BI{KKs3y6J=AJ/FH

B{KKeG91)=B(KKy3y2)

BUKKy4 92)=B{KKylLy1l)
B{KKses3)=BIKKy3s4)

B(KK)‘Q.Q’:BiKK' 1'3,

BIKK & +5)=B{KKy3,6)

TBIKKy44961=B(KKy145)

IF{ISTRES.NF.D) CONST=HH/2,.

IF{ISTRES.EQ.0) CONST=HH*CAPRD/2.

DO 20% 1=1,8

DO 205 J=1l:4

DO 207 N=1,4
PIKKyTyJ)=PIKKs Iy J)Y+CONSTXB{KKy N, [)*¥CCIN,J)
CONTINUF

GC TO 231

AJ=RJ~-RI

BJ=24-21

AA=SQRT (AJ*AY+BI*BJ)
AL=RL-RI

BL=2L-21
BB=SQRT { AL*AL +BL *BL }
HH=AA*BB

S1=-8J7 AA

Cl=AJ/AA

IF(NCRACK.EQ.D0) GO TO 213
HH=AA

88=0.0

CONTINUE

IF{ISTRES.EQ.D) GO YO 209
RC=AA/ 2.

10=88/2.

GO TO 210

AINTl=HH

AIRNT2=HH*BB/ 2.
AINT3=HH*AA/ 2.
AINTGsHH®(RI+ [ AA*C]+88%51)/2.)
AINTI3=AA®AINT 4/ 2. ¢FHEAASS 2% 1/ ] 2,

b S tinta, AL
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AINT14=8BB*AINT4/ 2. +HH:*BB**2%S}1/12,
AINTL6=(HH/2 . ) %%2 ¥
RC=AINTL3/AINT4
IC=AINT 14/ AINTG 4

210 DUMMY=RC*S1+Z0%C1l
BIKKylol)={(~AA*S1-B88%C) +CUMMY)/HH
B{KKs1y3)={BB*C1~-CIOMMY )/}t
BUKKy1,5)=CUMMY/ HH
BUKKglo7)=(AAXS 1 -CUMMY }/++ ;
[F{ISTRES.NE.D) GO TO 211
IFINCRACK.ENQ. 1) GU TO 211
BIKKg2 ¢ 1)={HH*AINT 1 ~-BBAAINT3+AINT1E&-AARAINTZ) 7 (HHEAINTS) J
B{KKs243)={BB*AINT3~AINTLE)/( HF*AINT4) 1y
BIKKy2¢5)=AINT16/(FH*AINTS) ;
BIKKs2,7)=(AA%AINT2-AINT L6 )}/{ FRE*AINT4) 1

211 DUMMY=RC*C1-20%51 1
BIKKy392)={{BBXS1-AA%C] ) +CUMMY }/HH

: BUKKy3y4)=(-BB%S 1 ~DUMMY )/ FH

1 BIKKy396)=CIMMY /FH

] BIKKy396)=CIMMY /FH

i BUKK,3,8)=(AA*C1-CUMMY )/ ht

1 B‘KK-'('"I.,—::B("KK,B' 2)

: BUKKy4,2¥=BIKKy 1y 1)

E B(KK’493’=B(KK'31‘O,

¢ BIKKs444)=B{KK,y1, 3)

i B‘KK'4'5’=8(KK93'6)

BIKKs496)=8(KKy 1y 5)

BIKKe4,7)=8B{KK,3,8)

B{KKy% +8)=B{KKy1, 7}

[IFUISTRES oNELO) CONST=H"

IF{ISTRFS.EQ.D) CONST=AINT4

GO TO 212

B SN T Tl 4

K

—— A

231 DC 232 [=1,4
EPSTIL(KK;1)=0.0
EPSPIL (KK, [})=0.0

232 SIGIL{KK,I)=0.0
IF(IPLAST(KK).NF.1) GO TO 237
IDUM(KK,21)=NOY IL C( IZUNE)
KYILD=NCYILD( [ZONE)
DC 233 I=1,KYILD
DUM(KK, I)=SSTAR{IZONE, )

233 DUM{KK, I+10)=HSTAR{ IZONE, )

) DC 234 [=1],8

234 DUMIKK, 1+2(1=0.0
DUM{KK,27)=5STAR({ [ZONEs 1)
GC TG 200

237 IF(IPLAST{KK)NE.2) GO TO 241

. DUMEKK,y 1)=ALPHAL IZONE)
DUM(KK,21=CAPPA{ IZONE)
DUM(KK,3}1=CNSTH . INE)
IOUMIKKy4%)=D
IF(CAPPA(IZONFE)LEQ.0.0) ICUM(KK: 4)=1
DUM({KK,51=040
DO 238 =154

238 DUMIKK,y [+5)=040
GC TO 200

241 IF(IPLAST{(KK).NE.3) GO T0O 235
DUM{KKs1) = COHESN( IZONE)

memr, v, aee

WRTLLES e o,




C
235
236

113
CUM{KKy2) = FRCTNL( IZONE)
DUM(KKy 3} FRCTN2( IZONE)
DUMIKK,41 SNSACH( IZONE)
DUM{KK,51) CRESIC( IZONE)
DUMIKK,6} FRES IC( IZONE)
[OUM(KK,7) MY TELD( IZONF)
IDUM(KK,8) IRES ID( TZONE)
IDUM(KK,3? JTFENSN( IZONF)
AJ=RJ-R1
BJ=21-1J
AL=SQRT {AJ*AJ+8J*DBJ)
CC=AJ/ AL
ST=8J/7AL
DUM(KK, 1D)
DUM(KK,11)
GC TO 200 ~

[T T T BN

" n u

Cco
SI

WRITE(64236) NOOFEL(K ), IZONE, IPLAST(XKK)
FORMAY {1H]1 y28 HERROR IN ELEMENMT DATAs LIH //

110Xs 12HELEMENT NOG=y I5/ 10X, 1ZHZONE NJ. =5 157
210Xy 12HIPLAST = [5)

¢
200
c

CALL EXTIY
CCNTINUE
NUMCEL=NUMCEL +NJMELB

NUMTEL=NJUMYEL +NJMELSB
EFFECT=0.0

WRITE(L12) NJMTEL, NUMEL&:(NUUFEL\K)vXPLASTiK)o(NP(KvJ)'ITYPF(KtJ)y ;
LTHETA(K Il sJd=1sa ol {CIK3 s I )y E=Lsa) s (BIKydolioI=198),J0=1,4),

R R O A T T Moy T T e L LT A Dt i A e I T TR R TURD IR R T g ey e Sy e e o

A-T6

2U(PIKyJel)gJ=1eB)y iPSTIUKy )9 EPSPTLIKy 1) oSIGILIK L) 41= 1.4).
3{DUMIKyT)oI=1729) 9 EFFECTK=1yNUMFLB)

OO0

Crsex

Crsxx

IF(NUMCELLLT HELCLS{JCLUS)) 6O TU 1CO
JCLUS=JCLUS+1

GC 10 9

END

SUBROUYTINE ELOLTT TELASY, ISTRES,E1,E2,E34,E44ES,C NUME)
DIMENSICN Cl4,4)

FORM STRESS-STRAIN MATRIX

DC 1 I=1,4

DC 1 J=1,¢6

C("J,’.'OQO

IF(IELAST.NE.1) GO TO 20
[SOyRCPIC ELASTIC MATERIAL
IF(ISTRES.EQ.2) GO YO 4
AXISYMMETRIC OR PLANE STRAIN PROBLEM
EBAR=EL/{{1.4F2)%(]1.-2.%F2))
Clly1)=EBAR*(1.-E2)
C{l1,2)=FBAR*E2

Clly3)1=Cl1,4?)

Cl2413=C101,42)

Cl2,2)=Cl1, 1)

Ci2+3)=C(1,2)

Cl3,1)=C(1,2)

Cl3,2)¥=Cl142)

C(3,3)=C1,1)
Cla,41=EBARX( ] ,~2.,%FE2)/2,

o NN

il My
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_ RETURN
. c PLANE STRESS PROSLEM

4 EBAR=EL/(1.-EZ#F2)
Cllel}=EBAR ‘
C{3,1)=EBAR®E?

i Cily3)=T(3,1)

B C(3,3)=C(1,1)

"% Cl4s4)=EBARX{ 1.-E2)/2.
RETURN™ '

Cs%%% ANISOTRCPIC ELAST IC MATERIAL

i
AT O SRR RN

T
(s

[w)

"20 IF(IFLAST.NE.2) GO YL 30
IF(ISTRES.EQ.2) GO Tu 2
Clly1)=F1 ,
Cl{142)=F1-2.%F5
Cl1,3)=83
C(291)=C(1'2):
C(202)=C(191)
Ci243)=C(1:3)
Ci3s1=Cliy3)
Cl342)=C(2,3)

ST PR VI T

v AR, R MRS TR N

AR ST

C(3,3)=F2 '
Cl4,6)=E4
RETURN
o , . :
(2 ClLyL 2. %ES#{EL-2.%E5)/F1
Cll43)=2,%E34ES/F1
Ci3,41)=C(143) R
C{343)2E2-E3%%2/E1 ]
Clé,4)=E4 . ;
RETURN - :
21 WREITE(6,3) TELAST,NUME, ISTRES ,
3 FORMAT (1HL/31H ERROR' IN ELASTIC CONSTANT DATA/ 3
1134 [ELAST "=y 15/13H ELEMENT NUe=415/
213H ISTRES =4 15)
CALL EXIT
30 IF{IELAST.NF.3) GO TO 21
C*#&x COMPRESSIBLF FLJIC
IFUISTRES.EQ.2) GO TO ‘21
DC 31 I=1,3 , '
00 31 J=1,3 ' :
31 ClI4J)=€1
RETURN
c ) {
END ;
c ‘ :
: - ' :
OVERLAY (MOHAN, 13,0 ) 1)
PRCGRAM LNK2 ' ' 13
CCEMON NFAXNP ) MKCLS ¢ MXADIP o MXZONE o MXNO3 ¢ NZONE Sy MXPE L3 ¢ NUMNP ,
1 NUMEL y ISTRES  NUMP FL g NUMELP 4P EXIC U NMKCL SoFACTURZALAMB ,
2 . KTAPE,KRUN, [PRINT,NUMST,MXSTRT,FY24239),
3 IPEL TP, INT,NPICDS, IMPH X
COMMUNZ A7 UL 160D 1eAl 1600, NPIIIT( B ¢ MMPCL S{ BC) ,FNUI35C),
1 . FNW(350)
. CCMMON/ B/ NADJINP(400), ITYPE(400), THETAL 4CO),XMASS({400),

3 SNPJU (400 ) 9 SNPUN{ 400 )y SNPHWL 400) yFAU(4CO),FAW(400?,

-
cceniesiaiescoran RN i
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2 NPADJ(409+6)sSACUUL400,8)y SACUW: 400, 8) ¢ SADWW(4CC,8)
DIMENSICN ANAME(iH),COM( 1)

EQUIVALENCE (MAXNP,COM{ 1))
MCHAN=5 HMOFAN

IPELTP=12

INT=3§

NPRCDS=0

REWIND INT

REWIND IPELTP

READ(541) ITMAX, ERRMAX,NFAC,KTAPE, ICINTUL,UVERLX

1 FCRMATUIS5,E10.0,315,E10.0)
ITHAX =MAX. NO. OF ITERATIUNS PER SOLUTION

ERRMAX=VMAX+ ALLOWMABLE ERROR (LBS)

NFAC =INCRFMENTS FOR NONL INEAR SOLUTION

KTAPE =0 JSE TwO K TAPES

=1 USE ONE K TAPE

ICONTJ=0 CCNTINJE SOLUTION FIR NNNCONVERGFNCE

CVERLX=CVER-RFELAXAT [UN FACTOR

FACTOR=FLOAT (NFAC)

WRITE{6+2) TTMAX, ERRMAX, FACTOR,KTAPE, ICONTU,0VERL X
2 FORMAT {1HLyTHITMAX =, [5/8F FRRMAX=y 1PE15.5/8H FALTOR=,1PELS.5/

181 KTAPE =,15/8H ICONTJ=y I5/8H OVEILX=y IPF15.54/)

IF{OVERLX.LE.D.D) CAL. EXIT

REWIND 8

DC 3 [=1,NUMNP
3 READIB) NyRPOUT( L)W NPOJUT( 1)y (NPOUT(J),J=1,MXADUIP)

READ(8 ! NMKCLS, (NPLOW NPHIGHyNPOUTL I) o NLMCP ,NELCLS,NMPCLS(I),

11=14NMKCLS)

READ(8) (NPLOW,NPLOW, I=1,NUMNP)

READ(B) (J(T1)yal 1)y I=1y NUMNP)

REWIND 8

16 WRITE{6,17)

17 FCRMAT (IH1o16HELASTIC SOLUTION/ /4Ny 6HKERROR y4X 9 BHNERROR 314 Xy
L6HERRCNT 9 14X 9 6HERRMAX y 4Xy € ICOUNTy 5Xy SHITMA X, TX 9 3HINT 34 X,
Z6HIPELTP//)

ICOUNT=1

18 CALL ERRQR{KERRQORy ERRMAX, 1) NERRUR,ERICNT,0VERL X)

WRITE(6,419) KERRORyNFRROR,) ERRCNTERRMAX, ICOUNT, I TMAX,INT,IPCLTP
19 FCRMAT (2110, 1P2E20.5,4110)
ALAMB=0.D
IF(KERRCR.EQ.O) GO TO 22
IF(ICOUNT .EQ. ITMAX) GO TN 20
IF(ICOUNT.EQ. ITMAX) GO TO 2C
FCOUNT=TCOUNT +1
GC TU 18
20 WRITE(6,21)
21 FCRMAT (//39H HAVE NOT CONVERGED TO ELASTIC SOLLTION//)
22 IF{NUMPEL.EQ.0O) GU TO 27
D0 23 ICLJS=1,NMKCLS
IF(NMPCUS(ICLUS) .EQ.O0) GO TU 23
NUM=NMPCLSTICLUS)
DO 24 I=1oNUM

24 CALL PLASTF(D,0, ICLUS»Os 1)

23 CONTINUE
WRITE(6+25) ALAMB

25 FCRMATT17/71H ELASTIC LOAD FACTOR=,1PE20.5//)
IF(ALAMB.LE.1.0) GO TO 27
IF(ALAMB.LT.1.0E+38) GO TD %44
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AA=0.0D
WRITE(INT) (COMUI)y I=1, 16}
: DO 55 i=1,NJMNP :
¥ 55 WRITE(INT) AA,AA 3
ALAMB=2.0 :
GC TU 56 :
o 54 CONTINUE
P DC 25 I=1,NJMNP ;
ULT)=J 1)/ AL AMB
26 Wl =w(1)/ALAMB

27 WRITEIINT) (COMUTL)y I=1e16)
DC 38 I=1,NJMNP
38 WRITECINT) U(Iden(]) k
1 53 IF(NUMPEL.EQ.D) RETURN 5
E DO 42 ICLJUS=1,NMKCLS 3
IF(NMPCLSCICLJUS).FQ.0) GO TO 42 ]
NUM=NMPCLS(TICLUS) :
DO 43 I=1,NyM
43 CALL PLASTF(1l,1y 1CLUSyD,y 1}
S 42 CONTINUF
L [F(ALAMBL.LEL1.0) RETURN
56 IF(KERRCR.EQ.O0) GO T3 52
’ IF{ICONTULNEL.D) RETURN
: 52 CONTINJUE
FAC= (ALAMB-1.0)/FACTOR
£ DC 24 1=1,NJMNP
Uti)=u (1) *FAC
s 28 Wll)=d(1)*%FAC :

P L LR o e
‘

« mas

Ry Sta

D0 35 [FAC=1,NFAC 3

B ICOUNT=1 3
32 CALL ERROR(KERRORjy ERRMAXj CyNERROR, FRRCN T,0VERL X) 3
WRITE(6,19) KERRUR, NERRURy ERRCNT, EIRMAX ICOUNT o1 TMAX,INT, IPELTP ;

IF(KERRCR.NE.O) GO TL 31
35 DC 41 1=1,NJMNP i
41 WRITE(INT) UlI1),Wi1)
DC 23 ICLJS=1,NMKCLS
IFINMPCLS(ICLUS) LEQ.C) GO TO 29
NU M= NMPCLS ( 1CLUS)
DC 30 I=1,NUM
30 CALL PLASTF(1l,1,ICLUSyIFACy 1)
29 CCNTINUE
WRITE(5+37) I[FAC ]
37 FCRMAT(//32H HAVE FINISHEC PLASTIC INCREMENT,I16//) ]
NPRCDS =NPRCDS +1
IF(KERRCR.EQ.0) GO TU 36 ;
IF(ICONTULNEL.O) RETURN 3
- GN TO 36 E
4 31 IF(ICOUNT.EQ.ITMAX) GU TO 33 3
TCOUNT=ICOUNT +1 i
GO 70 32
33 WRITE(6,34) IFAC
34 FORMATU{//5TH HAVE NOT CONVERGED TO PLASTIC SOLULTION FOR [NCREMENT
INCey15/77)
GC TO 35 q
36 CONTINJE 3

o
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REWIND INT 117
RETURN
END

SUBROUT INE FRROR(KERRORy ERRMAXy K SWTCHe NERRORyERRCNT,OVERLX)
COMMON MAXNP, MXCLSyMXADJIP s MXZONEyMXNPB 9y NZONES, MXPELB 9 NUMNP »
1 NUMEL y ISTRES yNUMPEL y NUMELP yPERIOD,NMKCLS,FACTOR,ALAMB,
2 KT APE, KRINy IPRINT NUMLT,MXSTR T, FUZ(236),
3 IPELTP, INTyNPRCDS, IMPHX
CCMMON/ B/ UL16005,W{1600),NPIUT(8C),NMPCLS(8C),FNL(35C),
1 FNW(350)
CCMMON/ B/ NADINP( 400 )y ITYPE(400)y THETA( 4CO) s XMASS(400) »
1 SNPUU (40D ) ¢ SNPUN (400 )y SNPWW( 400) s FAUTA4CO) FAW(4CO0)
2 NPADJ(4007,8),SALUUL 400,8)) SADUW( 400, E)y SADB W(4CCHy8B)
DATA IRT/1/
KSWTCH=0 DC NONL INEAR PART OF ANALYSIS
=1 CC ELASTIC ANALYSIS DNLY
IF(IRT.EQ.0) GO TO 100
IRT=0
ISWTCR=0 T T
JSWTCH=0
REWIND 10
REWIND 1
DC 5 I[=1,MXNPB
FNU(T)=0.0
FNW({IY=0.D 7
IF (INUMNPLLE. AXNPB) c ANDINUMPEL «EQ.0)) ISWTCH=1
IF(KTAPEJNE.D) JUSWTCH=1
I1C=0
[C=IC+1
READ(10) NPLOWy NPHIGHy NPIUT( IC )y NUMCP oNELC LS NMPCLSCIC)

LNUMNPB,y (NACINP(I)y ITYPE( T}y THETA(T) g XMASS(T )y SNPUU(T } y SNPUW(T)

2SNPWW(T) FAJL L), FAN( 1)y (NPADJ( I9Jd )y SADUULT 9 J)y SADUNLT 9 J)
3SADWWI(T 9Jd)9y3=1yMXACIP )y I=14NUMNPB)

IF{ISWTCH.EQ.1) GG TO 4

IF(JSWICH.EQ.L)} GO TO 2

WRITE{1) NPLOW, NP HIGHyNPIOUT( IC) s NUMCP 4NELCLS,NMPCLS(IC)

1NUMNPB, INACINPUT ) ITYPE{ 1), THETAL 1), XMASS( T}, SNPUULL ), SNPUR(L) ,

2SNPRW{ T} FASUT), FANC T )y (NPADJ( TyJ)o SADLULT 4 J) 9 SADURII 5J)
3SADNW{T9d)sd=1sMXADJIP )y I=19 NUMNPB)
IF(NUMCP.LT.NUMNP) GO TO 1

REWIND 10

REWIND 1

TF(JSWTCH.EQ.T) GO TO ™3

10=1

GO TO 100

10=10

REWIND 10

IC=10

IF({ISWTCH.EQs1}oORIJISWTCH.EQ.1)) GI TO 101
IF(I0.EQ.10) GO TO 102

10=10

GC YO0 103

I0=1

CCONTINUE

KERROR=0

NERROR=0

ERRCNT=0.0

RO
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DC 10% ICLUS=1,NMKCLS
IF(KSWTCH.EQ. 1) GO TU 113
IF (NUMPEL.EQ.O) GO TO 113
IF(NMPCLSTICLYS) LEQ.0) GO TO 113
D0 114 I=1,MXNPB
ENU(IY=0.0
3 114 FNW(1)=0.0
4 NUM= NMPCLS ( TCLJS )
* - DO 115 I=1,NuM
115 CALL PLASTF(D,1, ICLUS,0y 1)
113 IF(ISWTCH.EQ.1) GO TO 105
: READ(10) NPLGWy NPHIGHyNPD o VUMCP , NELC L Sy NMP
] LNUMNPB, {NACIJNP( 1), ITYPE( 1), TH&TA(I).XMASS(I),SNPUU(I),SNPUH(I).
’ 2SNPWWIT) yFAJ(T), FAR(T ), (NPADJ( T,0 )y SADULIT 40} SADUW(T 4J)
3SADWWI{ T 4J) 9 J=1,MXACJP )y =1, NUMNPB)
105 NLOW=NPLOW=-NPOUT( ICLUS)
NHGH=NPHIGH-NPQJT { ICLUS)
3 IF(KSWTCH.EQ.0) FAC={ 1.0-1.0/ALAMB)/FAC TOR
3 IF(KSWTCH.EQ.1) FAC=1.0
: DO 105 I=NLOA 4 NHGF
ERRU=0.0 ,
ERRW=0.0 ™ :
i L=I+NPOUT( ICLUS)
: IF(ITYPE(I).EQ.2) GO TO 106
3 IF{ITYPE{I).FQ.3) GO TO 1C8
' ERRU=FNU(T}+FAUL I I*FAC
ERRU=ERRJI-SNPJU( T 1*U{ L I-SNPUW( T )%W(L )
NUM=NADJNP(T) ]
DO 107 J=1yNuM 3
NP=NPADJ(1,J) ;
107 ERRU=ERRU-SADYI( [4IV%U(NP )~SADUW( Iy J)%WI{NP) 3
IF(ABS ( ERRU) . GT « ERRCNT ) ERRCNT=ABS(ERU) ;
iF(ABS(ERRU) JLE.ERRMAX) GO TD 116
IF(ABS {ERRU) .LELERRMAX) GO TD 116
¥ KERROR=1
. NERROR=NERROR +1
¥ 116 UlL)=J(L) + OVERLX*ERRU/SNPUULT)
IF(ITYPE(I).EQ.1) GU TO 106
108 ERRW=FNW(I)}+FA4( 1)%FAC
FRRW=ERRN-SNPIA{ I )*U(L )--SNPWW{ I )%W(L )
MUM=NADJNP(T)
DO 103 J=1,NJM
NP=NPADJ([,4J)
NPR=NP-NPOUT ( 1CLUS)
DC 110 K=1,MXADJP
! KK=K ¢ 7
: IF(NPADJINPR;K).EQ.L) GO TO 112 X
110 CONTINJE :
WRITE(6,111) ICLUSyNLOAyNFGHy NPOUT( ICLUS) o1 4L ¢ NP yNPR ;
111 FORMAT (1Hl,24HERROR IN COMPUTING SADWU//B1S)
CALL EXIT 3
112 SADWU=S ADJUWINPRyKK) )
109 ERRW=ERRW-SAONUXU (NP )-SADWW( I,J )XW(NP) 33
IF(ABS (ERRW) . GT . ERRCNT )} FRRCNT=ABS{EIR W) E
IF{ABS (ERRWI .LELERRMAX) GO TJ 117
KERROR=1
NFRRUR=NERROR+] 1
117 Wit} = WIL) + OVERLX®ERRW/SNPWW( I)
106 CCNTINJE
104 CONTINUF
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; REWIND 10 : :
' RETURN

FND ' ! . %

SUBROUT INE PLASTF{LSWTCH,MSWTCH, ICLUS, IFAC, INUM) ,

COMMON MAXNP, MXCLSy MXADJP ¢ MXZONE, MXN?B'y NZONE S MXPEL3 y NUMNP,
1 NUMELy ISTRESyNUMPFL ¢ NUMELP,PEXIOPINMKCL SyFACTOR,ALAMB,
2 KT APFy KRJNy IPRINT, NUMST,MXSTR T,FUZ(239),
. 3 IPELTP, INT,NPRCDS, IMPB X : . ,
3 CCMMON/ A/ U(lbOO)od(lbOO)oVPJUT(80)’VMPCLS(80).FNU(350" ‘ ;
3 1 TTTFNW(350F :
3 CCMMON/ B/ NADJINP(400), JTYPE{ 400), SHETA( 4CO) ¢ XMA $S4{4CO} ,
4 1 SNPUU (400 ) y SNPUW( 400 ), SNPWW( 400), FAU({4CO) oFAK(400),

2 NPADJ(400,58),S ADUS( 400, 8)y SADUR( 400, €) 4 SADWW{400, 8) {

c : , ‘ ‘ 3

DIMENSICN BUFF(3280) ' -

EQUIVALENCE (BUFF,NADJNP) ' |

DIMENS ICN NOOFEL(24)y IPLAST(24)4NP( 2494 ) ITYPE (2444) y THETA(2% 94 ), - 3
1C(269444) 9Bl 2494y 8)eP (249854, EPSTIL(24,4),EPSPIL(264,44), :
2S1GI1(2444),DJIMI24,29), IDUM( 24, 29) -

ECGUEYALENCE (BUFF(1)y NOOFEL )y { BUFF( 25), IPLAST) o {BUFF {4G) ,NP) ,
L(BUFF(L145)yITYPE) o (BUFF( 241 )y THETA) y (BUFF{337),C) o (3UFF(721) 480, | ’
2(BUFFTI%289),P), {RUFF( 22571, EPSTT1), (BUFF(2353),EPSPI 1),
3(BUFF(2649),S1GIL1), (BUFF(2545),DUM), (BUFFL2545),IDLM) . ‘ 3

DIMENSICN EPSTI(4), EPSPI(4), SlGl(4) EPSUL(4) s X{8) JFPLAST(8) } ,
LEFFECT (24)

DI MENS [ ON STRESS(k)cSIRAIN(4)'PSTRAN(4).CMAI(4 4),FMAT(4,4), i
1 GMAT(4,4),SIGNIL1(4),SIGNBI(4) _ .

LSWTCH=0 DC NOT JPDATE FLEMENT TAPE ,

=1 JPODATE ELEMENT TAPE
MSWICH=0 FIND ALAMB.VALUE ONLY
=1 CC ALL NONL INEAR PART

10=1 PELTP : '

IF(10.EC. 3) J40=12 ,

L=I1+NPOUT ( ICLUS) ,

READ(IO) NIMCEL,NELBUF, (NODFELIK )y IPLASTIK) ) (NP(KsJ),
llTYPE(K.J),THETA(K.J)pJ=1.4)'((C(K'J.i),l=l.4),(E(K,J,I) ,l=1 08, [} !
} 205 194 o (UPIKyJy 1) =1y B)yEPSTHIL(KIT ), EPSPILIK, 1) ,SISTL (K1), y

31=194) o {DUM{Ky L)y 121929}, FFFECT(K )4K=1,NELBUF) '

DC 3 I=1,NELBJF
DC 5 J=1,4 ‘
N=NP(1,J) * ‘ :
K=2%J-1 ' '
IF({J.EQ.4) GO TO 6 .
8 IF(ITYPE(I,J).EQ.1) GO TO 7 , !
X{K)=U(NY ; :

Clabizirxiog o Ltp i

OO0

arear,

X(K+1)=WIN) , .
GC 7O 5 ;
7 XUK)=U (N #COS{THETA( Iy J ) J-W(N)I*SINI THETA(I,J}}
X(K+L)=UIN)I*S INCTHETA( I, J))+W(N)IXCISITHETA(I,2)) '
GO YO0 S5 ' :
6 IFI(N.NE,J) GO TO 8
X{7)1=0.0
X{8)=0,0
S CONTINUF !
DC 19 J=1,8
IFIX(J].EQD0) GO TOU 19
GO TO 18
- 19 CONTINJE Lo :
GC T0 3 . i

" e b A b 4 A
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18 DO 9 J=1,4 120
EPSTILSI=EPST L (1,J) ’
DO I K=1,8 :
9 EPSTE(JI=EPST L(UN4B( 1,04k )% X(K)
lF(IPLAST(I) NE.1) GO TO 200
L=1
CALL MISES(L.EPSTI.EPSPI.SIGI.EPSDI FEFFI, svt.squx sx.nswrcuo
' 1BLAMB) .
IF(MSWTCH.EQ.0) GO ro 400
iF(LSHTCH.ERSOY GO TO° 100 |
P DC 101 J=144
101 DUMUI,J+21)=€EPSDI(J)
DUM(1,26)=EFFFI
CUM{E,27)=SY '
DUM(1,28)=SMAX] ;
DUMII,297=5T ) ; : :

100 tourxuus

GC TO 300 '
200 IF{IPLAST(I).NE.2) GO TO 500
) L‘ )
CALL COULMR(L,EPSTI,EPSPI,S1G1yKORVER, FYLDloFPSDl.NSNTCH.BLANE)
TF (MSWTCH.EQ.0) GO TO 400
IF(LSWTCH.EQ.0) GO TO 201
I IDUM{T,4)=KORNER ' :
DUM(I,5)=FYLDI
D0 202 J=1,4 ,
202 DUMIT,J45)= FPSDI(J)
201 CONTINUE
GC YO 300
500 IF{IPLAST(I).NE.3) GO TO 900
L=1
CCHESN=CUM(1,1}
FRCTNL=CUM(1,2)
FRCTN2=CUM(T,3)
SNSWCH=CUM( 1, 4)
CRESID=CUM{I,5)
FRESID=0UM(:T,6) ,
MYTELD=TDUM{ I, 7) , : . : e
IRES ID=ICJM( 1,8) . :
JTENSN=IDUM( 1,9)
COSTH=DUM( 1,190}
SINTH=DUM({I,11)
DT 501 J=1l44 ' = : :
STRESS(J¥=STGIL(1,3}
STRAIN(JI=EPSTIL( I, )
PSTRANTJI=EPSPIL( 14:4)
00 501 K=1,4
501 CMAT{J,K)=Cl1,J,K)
CALL NCQJL(L-EPSYl.%TRAIN.EPSPI.PSTRAV;SlGloSTRESS'
LCOHES Ny FRCTNL 4 SNSWCH, FRCTN 2, CRES 1D,
2FRES LDy MY IEL D, [RESICy STENSN,CMAT, ISTRES, ,
IMSWTCH,SBAR, BLAMB, cnstH.aier.FMAr.chr,
4STGNIL1,0yS IGNBI)
" IF(MSWTCH.EQ.D) LU TU 400
IF(LSWTCH.EQ.u) GU TN 300
DUM{1y1)=COHESN ‘ s
DUM{L42)=FRCINL
DUM{1,3)=FRCTN2
C DUMLT,4)=SNSWCH
DUMLL,5)=CRES [V
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CUMIT,+6}=FRES ID
B IDUM(L,7)=MYIELD
IDUM{1,8)=IRESID
IDUMLT ,97=JTENSN
- DUMIT,10)=COSTH
OUM{1,11)=SINTH
GO YO 300

900 WRITE(64901) NUDFEL!T)y IPLAST(I)
901 FORMAT {1H1,15HERROR IN PLASTF//215)
- CALL EXIT
300 IF(LSWICH.EQ.1) GO TO 301
) 0C 12 J=1,8
‘ - FPLAST (J1=0.0
g D0 12 K=1.4
, 12 FPLASTTJIEFPLASTISI4PT I3 JoR IR (EPSP TR )-EPSPI1TTK))
‘ - 301 CONTINUE
1F(LSWICH.EQ.0) GO TO 10
DEPS=0.0
- D020 J=1,4
CUMMY=EPSPI(J)-EPSPIL(T,4)
IF(J.EQ:%)G0 TO 217 -
DE PS= DE PS + CUMMY #DUMMY
GO TO 20
21 DEPS=DEPS<+CIMMY *DUMMY /2.0
- 20 CCNTINUE
EFFECT(1)=EFFECT( [)4SQRT( 2.%DEPS/3.0)
BO T 0RI,5% - 7 ¢
- EPSTIL(1,J)=€EPST1(J)
EPSPIL(1,4}=EPSPI(J)
11 SIGIL{TZJI=STGI(J)
- 10 CCNTINUE

Ll
l}

TTFILSWTCRLEQ.TY GO YD "3
- DO 13 J=1.4
NCDE=NP{ 1,y J)
K=2%J-1 °
- N= NODE-NPQUT { ICLUS)
{FlJ.EQ.4) GO TO 14
16 IF{ITYPE(T,J).EQ.1) GO TO 15
- FNUIN)=FNU(N)+FPLAST(K)
FNW{NI=FNWIN) +FPLAST(K+1)
GO YO 13
15 DUMU= FPLASTIKI*COS(THETA( [y ) )+FPLAST(K+1)ESIN(THETA(I , ) )
DUMN=~FPLAST (K)*S INITHETA( I, J))+FPLAST(K+1)*COS(THETA (!, )
FNUINI=FNUIN) «DJFU
FNW (N} =FNW (N) +DJMYH
G0 T0 13
14 IFINDDELNE.D)Y GO 7G 16
- 13 CONTINUE
400 IF(MSWTCH.EQ.1) GO YO 3
IF{ABS TBLAPB) . GT L ALAM3) ALAMB=ABS{BLAMB)
- 3 CONTINUE
IF(LSWTCH.EQ.D) GO TU 17

WRITE(JO) NIMCELNELBUF, (NOOFEL(K )y IPLASTIK )}y INP(KoJ)

LITYPE(K S o THETA(K I 39 J=19 8 e LICIKe oI )gl=st) o(BIKeJIsl) oI=1,8} ?
2T ATy T IPIKyJy IV J= 1y By EPSTIMIK I ),EPSPILIIK, I ,SISIL{K,I) ¢

- 312196 ) sy (DUMIKy 1)y I=1y 29) s EFFECTIK )9 K=1,NELBUF)

WRITE(INT) NELBIFSINDOFELL T)y EFFECT( ) INPLTIoJ)4EPSTIL(T 4J)

R o R I i T Sasdac — izt oS X .
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65
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LEPSPIL(T14d)e{ClladsK)yK=19a)yI=1y4)y1=1,NELBUF)}
IF({IPRINT oNET) cANDL U IPRINTNELG9)) GC TO 17
IF(ICLUS.NE.1) GO TO 80
IF(INUMNELL) GO TO 60
WRITE (6,30)

FORMAT (1H]1 10X, 2BHFSTRESSES IV PLASTIC ELEMENTS//)
IF(IFAC.NELD ) GU TO 40

WRITE(6,35)

FORMAT (5X, JAHELASTIC SOLUTIONYZ)

GO 70 50

WRITE(6,4S5)1FAC

FORMAT (23H PLASTIC INCREMENT NQ.=,15/)

WRITE (6455)

FCRMAT (12H ELo NJUMBFR 98Xy 12HSIGMAR (PSI)y8Xe12HSIGMAT (PSI) 48X,12

LHSIGMAZ (PS1),8Xy 12K TAU (PST)/)
WRITE(6,65)(NCOFELIK){STCIL(K, 1)y1=144),K=1,NELBLUF)
FCRMAT (I7,9%X, 1P4LE20.5)

IF(NUMCEL.LT  NJMELP) RETURN
REWIND 10

REWIND 4O

IF(LSWTCH.EQ. 1) IPELTP=JO
RFTURN

END

SUBROUT INE MISES( I, FPST I, EPSPI,SIGI+EPSOILEEFFI,SYISMAXI ST,
1 MSWYCH, BLANB)

CCMMON MAXNPy MXCLSy MXADJIP,MXZONE,)MXNPB ¢NZONE Sy MXPE L3 ¢ NLMNP,

i NJUMEL s ISTRESyNUMPFL 4 NUMELPPEITIODJNMKCL S,FACTOR,ALAMB,
2 KYAPE, KRUNy IPRINT y NUMST,MXSTRT,FUZ(239),
3 IPELTP, INT,NPRCDS, IMPB X
COMMON/ A/ UL 1630 )9n( 1600 )3 NPIUT( 80) 4 NMPCLS(8C) yFNU(3SC)
1 FNW(350)

COMMON/ 8/ NADJNP( 400y JTYPE(400), SHETA( 4CC),XMASS{400),
1 SNPUJ(40D )4 SNPUW( 400 ), SNPWW( 400),FLLTI4CC) yFAW(400),
2 NPADJ(40D48)9SACUUL 400y 8)y SADUW( 4C048)y SADRW(4CO,4)

DIMENS ICON BJFF(3280)
ECUIVALENCE (BJFFyNADJINP)

DIMENS ICN NOOFEL(24)y IPLAST{24)yNP{ 24y4), ITYPE(24,4) yTHETA(2444),

1C(244444)4Bl249448)9P({249894)9EPSTIL(2444),EPSPI1(2444),
2S1GI1(2444)y DUM(24429)y 1DUM( 24y 29)
ECUIVALENCE (BUFF({ 1)y NOOFEL )y (BUFF( 25), IPLAST) o (BUFF (49) yNP),

L(BUFFL145)ITYPE)(BJFF(241), THETA),{BUFF(337),C)(3UFF(721) ,8),

2(BUFF(1483),P), (BUFF(2257),EPSTIN)y {BUFF(2353),EPSPI L),
3(BUFF(2449)ySIGIL)y(BUFF(2545),0UM), (BUFF(2545) 4 IDUM)

BUM(M, 1)=SSTAR(M,1)

DUM(M, 113i=HSTAR(M, 1)

DUM(M,21)=NOY ILD(M)

DUM(M,22)=EPSDIL(M, 1)

DUM{My26)=EEFFIL{M)

DUM{M,27)=SY11(M)

DUM(M,28)=SMAXTL{M)

DUM(My29)=STL(M)

DIMENSICN EPSTI(4),EPSPI(4),SIGI{4),EPSDIL4)

DIMENSION STGBAR(4},SIGMA(4), EPST{4),EPSD(4),DEPSD(4) (SIGMAT(4),

1ESTAR(LO) ,SSTARE IO}, HSTAR( 10)+ EPSOI L 4),DEPSP(4)
NCYILD=10uUMT,21}
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DC 400 J=1,NOYVILD
SSTAR{JI=DUM( 1,J)
HSTAR(JY=DUM( [,J+10)
OC 401 J=1,4 ’
EPSCIL{JI=DUM(IyJ+21)
EEFFI1=DUM(1,26)
SYI1=DUM(1,27)
SMAXI1=CJM(T1,28)
SI1=DUM(Is29)

ESTAR(1)=)4D

IFI(NOYILD.EQ.L) GO TO 8

DC 7 J=2,NCYILD

ESTAR(JI=ESTAR(JI-1)I+{SSTAR(J)I-SSTAR(J~1)}/HSTAR(J-1)

DC 1 J=1,4

SIGBAR[JI=0.U =~ ™

DC 1 K=144

SIGBAR{J)=SIGBAR(J)I+CIIoJsK)*(EPSTI(K)I-EPSPIL(1,K))

SBAR=(ABS(STIGBAR( 1)-S IGBAR( 2)))%*%2+4{ABS(SIGBAR{1)-SIGHAR(3))) **2
+({ABS(STGBAR(2)-SIGBAR( 3)))**2+€.¢{ABS(SIGBAR(4) ) )*%2

SBAR=SQRT (SBAR/2.)

IF(MSWTCH.EQ.1) GO TO 3

BLAMB=S BAR/SY 11

RETURN
IF(SBAR.GE.SY I ) GO T0 10
CAS : 1 OR 3, NUW ELASTIC

IF{>mAXIL .GE.SYIl y €O 70 20
CASE =1 ALWAYS WAS ELASTIC ANO STILL IS ELASTIC
ICASE=1

DC & J=1,4

EPSPI{J)=0.D

SIGI{J)=SIGBAR(J)

EPSOITII=D.I ’

EEFFI=0.D

SYi=SYil

SI=SBAR

IF(SBARLGT .SMAX [ ) GO TO 5
SVAXI=SMAXIL

GO TO 6

SMAX]=SBAR

RETURN

CASE = 3, WAS PREVIOUSLY PLASTIC,NIW ELASTIC
ICASE=3

00 21 J=1,4

EPSPIUJI=EPSPIL(I,J)
SIGI(J)=SIGBAR(J)

EPSDI(4)=0.D

EEFFI=EEFFI1

SYi=Svit

SrMAXE=SYI

SI=SBAR ° -

RETURN

IF(SBARLGT SYIL ) GO TO 30

CASE = 2 OR 4y JUST AT YIELD STRESS

FF(SMAXIL «GELSYIL )} CO 1O 23

CASE = 2, WAS PREVIOUSLY ELASTIC, NOW ON VERGE OF FLOH®
ICASE=2

GC TO 24
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CASE = 4, WAS PREVIOUSLY PLASTIC, NOW ON VERGE OF FLOW

ICASE=4

DC 22 J=ls4

EPSPItII=EPSPILL1,J)

SIGI(J)I=51GRARLY)

EPSDI(L)=(2.*SIGUAR( L)~ SIGBAR{ 2)~ SIGBAR(3))/(2.%SBAR)
EPSDI(2)=( =SIGBAR(1)+2.*%SIGBAR(2)-~ SIGBAR(3)) /(2.%S3AR)
EPSDI(3)=( ~SIGBAR({ L)}~ SIGBAR{ 2)+2.#SIGBAR(3)) /{2.*SBAR)
EPSDI(4)=3.%S IGBAR( 4)/SBAR

EEFFI=EEFFI1

SYl=SvyIl1l

SVMAXT=SYI

SI=S8AR

RETURN

CASES 546 CR Ty PLASTIC FLOW

IF(SMAXIL oLTSYII ) CO 1O 100

CASES 5 OR 6

IF{s1I1 «GELSYTL Yy GO T0 200

CASE = 64 WAS PLASTICy UNLOADED, ELASTIC AT PREVIOLS TIMC STLP
ICASE=S

DUNMMY={SY LI 511 }/{SBAR-SI1 )

DC 31 J=1l,4

SIGMA(J)=STIGILI(TyJ) +CUMMY*({STGBAR(II-SIGIL(I,4J})
EPST(JY=EPST IL(IyJ)+DUMMYR(EPSTI(JI-EPSTILI(L,35))

SIGB=(ABS(SIGMA(1)-SIGMA(2)))%%2+(ABS(SIGMA(1)-SIGMA (3)) ) *%2

1 +(ABSTSTOMAL2)-SIGMA( 21 ) )%%x2¢6.*%(ABS{SIGMA(4) ) )%%x?

100

20V

33

201

c

S1GB=SQRT(SIGR/2.)
EPSD(li=(2.*SIGMALL)- SIGMA(2)- SIGMA{3))/(2.%S1G4)

EPSD(2)1=( -SIGMAl1)+2.%S51GuA(2)- SIGMA{3)}3/7(2.,%SI5i)
EPSU(3)=( -SIGMA(1)~ SIGMA( 2)+42.*%SIGMA(3) )/ 2.%S151)
EPSD(4)=3.%S IGMAL 4)/S IGB

GC 7O 201

CASE =7, WAS PREVIOUSLY FLASTIC, N7 PLASTIC

ICASE=7

GC 10 32

CASE =5, WdAS PREVIOUSLY PLASTIC, NIOW FURTHFR FLOW
ICASE=5

DC 33 J=1.4

SIGMALJI=STIGIL{T,4)

EPST(J)=EPSTLi(I,4)

EPSD(JI=EPSDILL J)

SIGB=SYIl

CCMPUTE NEW PLASTIC STRAINS

IF(ISTRES.NEL2) GO TO 202

PLANE 3TRESS

ANUZC(Tele3)}/7CHLy 1y 1)

E=Cl{lolol) (1 .-XNUSXNU)

A= (Te=13o8XNJ 4T o ¥XNURXNY )/ 4040 TS5%( 2= 5.5 XNU+2 . ® XNU® XNL) *
1 ((STGMA(A)/STIGBI*(SIGMA(4)/STIGBI-(SIGMA(L)/SIGB)I® (SIGMAL(S)/

2 S1G8))
Az A/ (1o ~-XNUSXNJ ) #%2
B2 ((Se-4%XNJ I/ 2. i*((SIGRAR( 1)/SIGB Y& {SIGMA(L) /SIGB) ¢

1 (SIGBAR(3)/SIGB)I*(SIGMAL 3)/SIGH))-({4s-S5.%XNU)/2.)%

2 ((SIGBAR(1)/SIGBI*{SIGMA{ 3)/SIGB)+{SIGBAR(3) /SIGR)*

3 (SIGMALL)/SIGBII+Q.*( Lo-XNUI*(SIGBAR(4)/SIGBI* (SISMA(4) /SIGH)
B=8/{1s~XNU*XNJ)

GC T0 203
PLANE STRAIN (R AXISYMMETRIC

202 XAU=(C(Es1¢o23/7C0 Ty ))/01e4C01,10s2)/CE0s1,1))
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E=CUTy 1,102 1e4XNUj*(1e=2.%XNU)/{1.=-XNU)
A=9e/ (4. *%( 1. +XNJ) #%2)
B=(3e/(1e¢XNJ)I*((SIGBAR(1)/SIGBI*ECLSD( 1)+ ( SIGBAR{2) /SIGBI*FPSD(L)
1 +{SIGBAR(3)/S5IGBY*EPSD(3)+( SIGBAR( 4)/SIGB)*EPSD(4))
FIND LOCAL VALJE OF H

203 IF(NOYILD.GT.1) GO TU 204

J=1

209 H=HSTAR( J)
GC TO 207

204 DC 205K=1,NOYILD
J=x

IF(K.EQ.NOYILD) GO TO 205
IF{SYI1 LT SSTAR(I K+1)) GO TO 205
206 CONTINJE
207 ALPHA=A-{H/E)*%2
BETA=2.*H/E+B o
GAMMA= (SBAR/SIGB) **2-1,.0
IF(ALPHALNEL.D.0) GO TO 208
IF(BETAL.GT.0.0) GC TO 209
IFRROR=1
212 WRITE(6,210) TyNOOFEL(I)},1
210 FORMAT (1H1,50HERROR ENCOUNTERED IN PLASTIC FORCES, MISES RCLTINF//
11TH TIME =9 1PE15.5/10H ELEMENT =9 15/10H NUMBER =,15)
WRITE(6,500) (EPSTIL 19J)9Jd=1s4),(EPSPIL(L,J)sd=1sa),
L(EPSDIL( J)yJd=1,4),EEFFI] v LEPSTI(J)ed=144),

2(EPST (J)ed=144) s (FPSULJ }ed=1v4)

500 FORMAT (10H EPSTI1 =, ]P4E15.5/10H EPSPI1 =y1P4EL5.5/
110H EPSCI1l =,1P4EL15.5/10F EEFFI1 =,1PF15.5/1CH EPSTI =41P4F1H
2.5/10H EPST =y IPGE15.S /104 +PSD =
31P4E15.5)

KRITE(E 501V (SIGIMIsJ)ed=1ya)y, SYITI s SMAXIL 1 S11 '
1(SIGBAR(J) 9J=194)ySBARy(SIGMA(JI )yJ=194).S106G8

501 FORMAT (10H S IGIL =9 1P4EL1S5.5/10H SYI1 =9 1PELS.S5/
110H SMAXI1 =,1PE15.5/10H SI1 =y 1PE 15,5/
210H SIGBAR =,1P4E15.5/10F SBAR =y IPEL5.5/
310H SIGMA =,1P4C15.5/10F S1GB =y IPEL15.5)
WRITE(64502) E,XNUy Ay By Hy ALPHA,BETA ) GAMMA, ERIOR
502 FCRMAT(1DH £ =y IPEL15.5/ 10K XNU =y IPEL15.5/
110H A =¢1PELS.5/10H 8B 29 IPE1%5.5/1CH H =y 1PELS.5/
210H ALPHA =,1PFE15.,5/10H BETA =y IPIE15,5/1CH GAMMA =,1PE15.5/
310H [ERROR =,15)
CALL EXIT
209 DELTA=GAMMA/ BETA
6C TO 211

208 DUMMY=BET A*BET A~4 .*ALPHA*CAMMA
503 IF(DUMMY.GT.J.0) GO TO 213
DELTA=BETA/ (2 .*%ALPHA}
IF(DELTA.GT.D.0) GO TO 211
[ERROR=3
GC TU 212
213 DUMMY=S QRT (DUMMY)
"DELTAL=ZTBETA+DUMMY¥7{ 2. %ALPHA)
DELY A2=(BETA-DUMMY }/( 2. *%ALPHA)
IF((DELTAL.GT «0+0)efR.(DELTA2.GT.0.0)) GO TO €CO
IFRROR=4
GO TO 212
500 IF((DELTALGT «00)ANC.(DELTA2.GT.0.0)) GO TO 601
IF{DELTAT.GV.D.0) DFLTA=DELTAL
IF(DELT A2.GT .0.0) DELTA=DELTA2
60 TO 211

sy szt
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601 [F(DELTAl.GE.DELTA2) CELTA=DELTA2
IF(DELTALLLT .DELTA2) CELTA=DELTAL
2Ll OFEFF=SIGB*DELTA/E

e N

1C=1

DE=0.0

$=SvYl11

a DEEFFL=0.0

- DEEFFH=0 .0

: SIGIBM=SBAR-SYI1

DEEFFM=0.0

: ISkW=1

. 215 DC 215 J=1,4

: SIGI(4)=0.0

DO 216 K=1,4
216 SIGI(J)=STGI{JI+ClT1od o< I*(EPSTIIKI-E2SPIL(E,K)~-DEEFF*FPSD (K))

SIGIB=(ABS(SIGI(LI-SIGI(2)))%%2 +(ABS(SIGI(2}-SIGI(3)))%%2
1 +(ABSISIGI{3)-SIGI{1)))*%246,¢(ABS(SIGI(4)))%%2

SIGIB=SCRTISIGIB/2.)
SCI=S+H*(DEEFF-DF)
IF(ISW +EQ. 2) GO TO 217
F IF(SIGIB-SCI .GY. SIGIBM) GU TO 227
3 SIGIBM=SIGIB-SOI
DEEFFM= DEEFF
, 227 CONTINUE
226 IF(ABS(SOI-SIGIB)LE.0.01*SOI) GO TO 217
IF (DEEFFH.EQ.D.0) GU TO 218
IF{SOI.GT.SIGIB) GO TO 219
DFEFFL=DEEFF
220 DEEFF= (CEEFFL+DEEFFK)/ 2.
GC TO 215
219 DEEFFH=CEEFF
GC TS 220
218 IF(SOI.GT.SIGIB) GO TO 219
DEEFFL=DEEFF
DEEFF=2 . *DEFFF
IC=1C+1
[F(IC.LE.20) GU TO 215
DEEFF=DEEFFM
ISW=2
GC TO 215
217 DC 221 J=1,4
221 SIGH(J)=SIGI{J)*S0I/SIGIB
EEFFI=EEFFI1+DEEFF
IF(NOYILD.EQ.1) GO TO 222
IF(EEFFT1.GELESTAR(NOYILD))Y GO TU 222 :
J=1 5
224 I1F(EEFFi11.LTLESTAR(J)Y) GO TO 223
J=J+1
G0 TO 224
223 IF(EEFFI1.LELESTAR({J)} GO TO 222
l $=SSTAR(J) :
g H=HSTAR(J) P4
DE=ESTAR(J)-EEFFI1 i ]
4 DFEFFL=DEEFF
{ DFEFF=2 .¥DFFFF } 3
1C=1
DEEFFH=0.0
1Sw=1 :
GC TO 215 3
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222 00 225 J=1,4

225 EPSPI(JI=EPSPIL(14J)+CEEFFXEPSDLY)
EPSDI(L1)=(2.%SIGI(1)}- SIGI 2)- SIGI(3))/(2.%50I)
EPSOI(2)=( -SIGI{1)+42.%SICI(2)- SIGI(3))/(2.%501)
EPSDI(3)=( -SIGI(L1)- SIGI(2)+42.#SIGI(3))/(2.%50%)
EPSDI(4)=3.%SIGI(4)/S01
SYI=S0l
SMAX[=SCl
31=801
RETURN
END

OO0

SUBRUJT INE COJLMR([ FPSfIyEPS”IeSlGloKORNER,FYLD[oCPSUlgNShTCH;
LBLAMB] )

COMMON MAXNP, MXCLS 9y MXADJIPyMXZONE,MXNPB yNZONES, MXPELB NUMNP ,

1 NJMEL, ISTRESyNUMPEL ¢y NUMELP ,PERIOD NMKCL S FACTOR,CLAMS,
2 KTAPEy KRUNy TPRINT ,NUMST,MXSTR T, FUZ(239),
3 IPELTP, INTyNPRICOS, IMPBX

CCMMON/ A/ U(lbOD)pH(1600)'NPJUT(80):VWPCLS(80)'FNU(3SC)o
1 FRW(350)

COMMON/ B/NADJINP( 400)y JTYPE( 400)y SHETA( 4CO), XMASS(4CO) .

i SNPUUL400 ) 4 SNPUW{ 400 ), SNPWW( 400} sFAU(4CO),FAW(400),
? NPADJI40D,8),S ADUJI( 400, 8)y SADUNWI 400, 8)y SADWW(4CC,8)

DIMENSICN BJFF(3280)

EQUIVALENCE (BJFFyNADJNP)

DIMENS ICN NOOFEL(24)y IPLASTU24),NP{ 2444 )y ITYPE(24,4) ¢ THETA(24,4),
1C(24, 4y4),B(74,4.8).P(2498p4),EPSTll(Z4o4);EPSP!l(24.Q).
2ST1GI112444)4DJIM(24,29), IDUM( 24, 2G)

EQUIVALENCE (BUFF( 1)y NOOFEL )y (BUFF(25), IPLAST) ,(BUFF (49) ,NP), '
LBUFF(L145)yITYPE)y(BUFF(241)y THETA) g (BUFF(337),4C)(BUFF(T21)48),
2(BUFF(1483 )y P )y (BUFF( 22575y EPSTIL)s (BUFF(2353) EPSPIL),
3{BUFF(2443),SIGIL)y (BUFF{2545),DUM)+ (BUFF(2545),10LM)

DUM(M,3)=CNSTH

DUM(M,; 4)=KORNER

OUM(M, S5)=FYLDIL

DUM(M, 6)=FPSDILl

DIMENSICN EPSTI(4), EPSPI(4),SIGI(4),EPSDI(4)

DIMENSICN EPSDIL(4),SIGBAR(4),SIGMAL4),EPST{4)EPSD(4) ELL4) 4SK{4) .

OO0

[ N

SYMPLE COULMAMB MOHR YIELD CUNDITION
ALPHA=DUMIT, 1)
CAPPA=DUM(I1,2)
COSTH=DUM([,3)
KORNER=TDUNM(T,4)
FYLDI1=DUM(1,5) .
DO 1 J=1,y4
1 EPSDILUJ)=DUMI{T,J4+5)

00 2 J=144
SIGBAR(J)=0.D
DO 2 K=1y4
2 SIGBAR({JI=SIGBAR(JI+CH {4 JyKIRX{EPSTI{K)I-EPSPIL(]I,K)}
AT11BAR=SIGBAR({1)+SIGBAR( ?)+SIGBAR(3)
AT2BAR=((SICBAR({1}-SIGBAR{ 2))*(SIGBAR(1)-SIGBAR(2))
+(SIGBAR(21-SIGBAR(3))*( SIGBAR(2)-SIGBAR(3))
+{STPBAR{3}=-SIGBAR{1))*({SIGRAR(2)}-SIGBAR(1)}) /5.0
+ SIGBAR{ & )}*SICBAR( 4)
IF(AI2BAR.LE.D.D) GO TO 13
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- FYLDBR=ALPHA®ATL1BARSCRT( AI2BAR )
N GG TO &
, 3 FYLDBR=ALPHA*AIL1BAR ' .
4 IFIMSWITH EJ.1) GO TO 33 °
[F{CAPPAL.EC.0.01G0 TO 65
BLAMB=FYLDEBR /CAPPA ;
RETURN .
t . 65 BLAMB=1.E+38
RETURN
33 IF(FYLDBR.GELCAPPA) GO TO 6
KORNER=0 '
: | . DO S J=1l,6 .
23 SIGI(J)=SIGBAR(J)
: § EPSDI(J}1=0.0
3 ' STEPSPI(UI=EPSPIL(I,J)
L F FYLOIZFYLDER ;
L E RETURN
2 6 IF(FYLDBR.GT.CAPPA) GO TO 10
L DO T J=1,4 ' '
~ D SIGI(J)=S'IGBARLY)
7 EPSPI(J)=EPSPIL(I,J)

{\

: FYLDI=FYLOBR ™

1 [FIAI28AR,LT.0.001) GO TO e

g ; KCRNER=0

t IDUML=S QRT ( AT 2 BAR }

A , 64 EPSDI{L1)=ALPHA4(2.%SIGI( 1)~ SIGIL2)- SIGI(3)) /(A *#DUML)
; | EPSDI(2)=ALPHA+{ =SIGI(1)142.0%SIGI(2)- SIGI(3))/(he®xDUML)

EPSDI(3)=ALPHA+( -SIGI(1)- SIGI(2)1+42.,0%SIGI(3))/(ha#DUM])

EPSDI(4)=S1GI{4)/CUML .
CALL LGTH(EPSDI)
RETURN
E | 8 KORNER=1
! DO 9 J=1l,4
H 9 EPSDI(2)=0.0
3 ' RETURN
10 {F(FYLDIL.LT.CAPPA}) GO TO 12
‘ DO 11 J=ly4
' SIGMA(JI=SIGIL{ 1y J)
EPST(JISEPSTIL(I,J)
11 EPSDIII=EPSDIL(Y)
. (0 16
' 12 DUMMY= (CAPPA-~ FYLDll)/(FYLCBR FYLDI1)

DC 13 J=1,4
SIGMA(J)=STGI1{1,J)+DUMMY *( STGBARIJ I-SIGILIT,d))

; 13 EPST(JI=EPST L1( 1, J)+DUMMY #(EPSTI(JI~EPSTIi(T1yJd))
X AT2= ((STGMALL)=3 1GHAL 2) )*( SIGMAL 1)-SIGMAL2}))
: L '+(SIGMA(2)-S IGMAL 3) )%(S TGMA( 2)~SIGMAL3))
"2 +(SIGMAI3)=STGMAL L) )%(STGMAL 3)-SIGMA(1L))) /640
3 +SIGMA(4)#SIGMA(4)
IF(AI2.LEL1.0E=5) GD TO 14
DUMMY=SCRT (A[2)

| KORNER=0
EPSD(L)=ALPHA+(2. %S IGMAL 1)~ SIGMA( 21~ SIGMA(3))/ (b #DUYPNY)

EPSD(2)=ALPHA+(  -SIGMA( 1)+2.%SICMA(2)- SIGMA(3))/{6.%DUNNY)
EPSD(3)=ALPHA+( ~SIGMA(1)- SIGMA(2)+2.%SIGMA(3))/ (6.%DUNMMY)

EPSC(4)=SIGMA(4)/ CUMMY

CALL LGTH{EPSD)

GO TO 16~ ' ,
14 KORNER=1 ,

D0 15 J=14

4
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129 3

3 15 EPSD(J)I=2.0
16 IF(KORNER.EQ.L) GO TO 28
17 AX=C(1y1,1)%EPSO(L1)4C(1,1,2)%EPSDI2)+Cl 1,1y 3)%EPSD(3)
1 AY=CITZ, TYFEPSOIITICC Ty 2, ZVHEPSDI2V¥CT 1,273V 4EPSD(3)
1 AZ=CUT43,1)%EPSD(L)+C{ 1y 3y 2)¢EPSDI2)4C (1,3, 3)*EPSD(3)
] AW=C(1y444)%EPSD(4) ;
3 Bl=AX¥AY+AZ ;
- B2=({SIGBAR{ 1)=S IGBAR( 2) )%{ AX~AY )4( SIGBAR(2)-SIGBAR(3))* (AY-A/)
1 +(SIGBAR(3)-SIGBAR( 1))}*(AZ~AX))/6.0+(SIGBAR {(4) %A W)
B3={ABS (AX=AY JT4¥2FTABS{AY-AZ } )% 2+ [ABS(A2-ANX) Yk«
B3=83/6.0+AW*AN
D1=83-(ALPHA%BL) *{ ALPRAXB81])
D2=2.%{ ALPRA¥ALPHA*AT 1BAR#B 1-ALP FA®*CAPPA*R L :82)
v - D3=A12BAR-CAPPAXCAPPA+42 .*ALPHA*CAPPA*A [ IBAR-ALPHA*ALPHA
] 1 *ALI1BAR®AI ' MAR
g TF(DL NE.D.DT GO TO 18
3 : ALAMB=-03/C2
IF{ALAMB.GT.0.0) GO TO 24 3
IERROR=1 ;
- ALAMB81=0.D
ALAMB2=0.0
DUMNY EDL0 0 T T T ’
GO TO 23 3
18 DUMMY=D2*D2-4 .%D1*D3 :
IF (DUMMY.GE.0.0) €O TO 19 3
- IF (ABS (DUMMY/ (D2%02)) LT «0.015%) GO TI 16 :
1ERRQOR=2
ALANMB=37D
- ALAMB1=0.0
ALAMB2=0,0
GO TQ 23 3
19 IF(DUMMY.GT.0.0) GO TQO 20
ALAMB=-D2/(2.%D1)
IF(ALAMB.GT.0.0) GO TO 24
IERROR=3
ALAMBL1=0.D
ALAMB2=0.0
- GC TO 23
20 ALAMB1=(-D2+SQRT( CIMMY))/(2.%D1)
ALAMB2= {-D2-S QRT( CUMMY ) }/( 2.%D1) ;
- IF((ALANMBLGT «0o0)e0R{ALAMB2.GT40.0)) GO YO 21 E
TERRQOR=4
G0 TG 23 :
21 IFC(ALANMBL.GT 2040 ) e ANDJ( ALAMB2.GT.0.0)) GO TO 22
IF(ALAMBL.GT .0.0) ALAMB=ALAMB1
IF(ALAMB2.GT.0.0) ALAMB=ALAMB2
GO TO 24 3
22 IFIALAMBLl.GFE ., ALAMB2) ALAMB=ALAMB?2
IF (ALAMBL.LT . ALAMB2) ALAMB=ALAMB1
GO TO 24
23 WRITE(64100) To,NOOFFL(L)a1 A
100 FORMAT (IH1,45HERROR IN PLASTIC FORCES, COULOMB-MOHR ROUTINE// 3
110H TIME =91PEL15.5/10H ELEMENT =,15/10H NUMBER =,[5)
WRITE(64101) (EPSTIL [1J)9Jd=194) s EPSPILLE,JYyd2],4),
LUEPSODIL(J)od=19a ) (EPSTI(UI)gI=1y4)s (EPST(I) 321,4),
2(EBSD(J)yd=1,4)
101 FCRMAT{10H EPSTIL =, 1P4F15.5/10H FPSPI1l =,1P4E15.5/
110H EPSDI1 =, 1P4F15.5/10F FPSTI =, 1P4F15.5/
21CH EPST =4 LP4EL5.5/10F EPSD 2y IP4E15.5) ;
WRITE(64102) (SIGILIT14J)90=194)y(SIGBARIJI) 3 J=144) ,(SIGMACS) yJz1 44) 3
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102 FORMAT (10H SIGIL =y 1P4E15.5/10H SIGBAR =,1P4EL15.5/
110H SIGMA 2y 1P4ELS.5)
WRITE(6,103) ALPHA, CAPPA, COSTHy KORNERZyFYLDI1,FYLDBR,ATLBAR,
LA128AR

103 FORMAT (10H ALPHA =y 1PE15.5/10H KAP2A =y IPE15.5/104 COS(TH)
11PE13.5/10H KORNER =,15/10H FYLDIl =,1PE15.5/104 FYLDBR =,
21PEL5.5/10H 11BAR =y 1PE15.5/10H T12BAR =y 1PEL15.5)

WRITE(645104) ClIy1y1),ClIy142)9ClIy)s3)9ClTyay4)

104 FCRMAT (10H C(1y1) =y 1PEL1S.5/10H Cl192) =51PEL15.5/1004 C(1,3)
11PEL5.5710H Cl4,4) =, 1PEL5.5)
WRITE(6,105) AX,AY,AZ,AW,81,82,83,01,024D3

105 FORMAT{10H AX =y IPELS.5/10H AY =y 1PEL15.5/10H AL
LLPEL1S5.5/10H AA =, 1PE15,5/10H B1 =y lPELS45/10H B2
21PEL5.5/10H 83 =4 1PF15.5/10H D1 =4 1PE15.5/1CH D2
31PEL5.5/10hk D3 =y 1PF15.5)

WRITE(6,106) ALAMB, ALAMB1, AL AMB2,DUMMY, [ERROR
106 FCRMAT (10H AL AMB =y IPELY.S5/7 LOH ALAMBL =, 1PE15.5/1 04 ALAMB?

11PEL15.5/10H DyMMY =9 IPE15.5/10H [ERROR =,165)

CALL EXIT
24 ALAMBL=0.0

ALAMBH=0.0

ic=1
25 DO 26 J=1.4

SIGI(J)=0.0

DC 25 K=1s4
26 SIGE(J)I=SIGI{I)+CILoS oS I*(EPSTI(K)-EPSPIL(I,K)-ALAMBXFPSD(K))

AT1=SIGI(1)+SIGI(2)+51GI(3)

AT2=({ABS(SIGI(1)-SIGI(2)))%%2+{ ABS{SIGI(2)-SIGI(3)))**2

1 +{ABS(SIGI(3)=SIGI{ 1))}}*%2)/6.0+SIGI{4)%SIGL (4)

FSTAR=ALPHAXAIL+SQRT( A[2)-CAPPA

IF(FSTARJNE.0.0) GO TO 53

IF{AI2.GT.0.001) GO TO 51
27 KCRNER=1

D3 50 J=1,4
50 EPSPI(J)=EPSPIL(1,J)+ALAMBXEPSD(J)

~ 7 GONTO 36

=

H
H I -

51 KCRNER=0
FYLDI=CAPPA
FPSDI(1)=ALPHA4(2.%SIGI( 1)~ SIGIt 2)- SIGI(3))/7(6.%SQRT(AIZ2))
EPSDI(2)=ALPHA+( ~SIGI(1)+2.%SIGi(2)- SIGI(3))/(6.%SQRT(ALI2))
EPSOI(3)=ALPHA+( -SIGI(1)- SIGI(2)42.+#SIGI(3))/(6.%SQRT(AIZ)})

EPSDI(4)=SIGI(4)/SQRT(AT?)
CALL LGTH(EPSDI)

DO 52 J=ly4
52 EPSPI(J)=EPSPIL{I,J)+ALAMBXEPSD(J)
RETURN’ ) h

53 ABAR2=(ABS(CAPPA/ ALPHA-AIL))%%2/ 3,
BBARZ2=2,.%Al2
RBARZ2=ABAR2+88 R2
IF{RBAR2.LE.0.001) GO TO 27
IF{{CAPPA/ ALPHA-ATL).LE.0.0) GO TO 27
A12S=(CAPPA=-ALPHARALL ) ¥%2
BBARST=SQRT(2.*%A12S)
IF(BBAR2.GT.0,0) GO TU 54
ALAMBH=ALAMB
GC TO 57

54 BBAR=SQRT (BRARZ2)
IF(ABS (BBARST ~-BRAR) L E.0.01%8BARST) GO TO 61

PRINT 999, o NCUFFLU Ty ICy ALAVB, BBAR 4 BBARST
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999 FCRMAT(3110,3F15.5) tal
C=======================================************#*#**#*#*#***4******
IC=IC+1
IF{IC.TE.20) GO TO 55
IZRROR=8
ALAMBLI=BBARSY
ALAMB2=BBAR
- 3 DUMMY=AT2
-3 GC 70 23
55 IF{ALAMBH.CGT.3.0) GO TO 58
IF(BBARLLT.BBARST) GO TO 56
ALAMBL= ALAMA
ALAMB=2,*ALAMB
) GC TQ 25
N 56 ALAMBH=ALAMB
R 57 ICUNT=1"" -
N i G0 10 60
o 58 IFIBBAR.GT .BBARST) GO TO %59
: ALAMBH= ALAMB
GC TO 60
3 59 ALAMBL=ALAMB
S 60 ALAMB= CALAMRH+ALAMBL}/2.
: ’ GC TO 25

o R
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L 61 S=AIl/3.
oY OC 62 J=1,3 ;
4 62 SX(J)=SIGI(J) =S ;
S S SX(4)=SI1GI(4) 3
L DUMMYZBBARST/ BBAR !
] DO 63 J=1,3
SX(J)=DUMMY*SX(J)
1 63 SIGI(J)=S+SX(J) 3
L SIGI(4)=DUMMY %SX ( 4) 3
T GO TO 51 {
28 XNU=C(ls1¢2)/71CUIs1ls1)+ClTy1y2)) :
EBAR=C(Iy1y1)/(1e-XNJ) ;
EMOD=EBAR#(1 o #XNU )*( 1 .~2.%XNU) )
DO 29 J=1,3 :
29 EPSDUJI=EPSTI(J)=(CAPPA%( 1.-2.%XNU) /{3 %ALPHA%XEMUD) ) =ERPSPIL (1 4J) {
EPSD{4)=EPSTL1(4)~-EPSPILi Iy 4) ;
CALL LGYH(EPSD} :
- ALGTH= (ABS (EPSD( 1)) 1*%2+( ABSIEPSD(2) ) )%%2+(ABS{EPSD(3))) %% ;
s ALGTH=S GRT (ALGT H) i
1 DELTAD=FPSC(1)+EPSD{ 2)+EPSDI 3) ;
X CCSTHB=CELTAD/ (SQRT(3.)*ALGTH)
- : IF(ALGTH.EC.D.0) COSTHB=1.0
IF{COSTHB.GEJ COSTH) GO TO 42

e ABAR2=(ABS(CAPPA/ ALPHA-AT1BAR ) }¥%2/3,
.3 BBAR2=2,%AT2BAR
B RBAR2= ABARZ +BHAR2
’ IF(RBAR2.LT.10F=-5) GO TO 42
- IF{ICAPPA/ ALPHA-ATIBAR).LE.O0.0) GO T 42
‘ S=Al1BAR/3.
g A12S=(CAPPA-ALPHA®AILBAR %% :
- BBARST=SART{2.%A125)
O BBAKR=S QRT { BBARZ)
Lo DO 30 J=1,3
;o3 30 SX{J)={BBARST/BBLR)*{SIGBAR(J )-S5}
T SX(4)={BBARST/BBAR)2S TLBAR(4)
3 00 31 J=1,3
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SIGI(J)=SX(J)+S
SIGI{4a)=5X(4)
ED{1)=ASIGI{1)=XNUS(SIGI{2)+SIGI(3)))}/EMOD
ED(2)=(STGI{2)~-XNU*(SIGI( 1)+SIGI{3)))/EMDD
ED(3)=(SIGU{3)-XNUX(SIGI(1)+SIGI(2)))/EMOD
ED(G)=2% (Lo +XNJIASIGI(4)/7EMDD
DO 32 J=1,y4
EPSPICJII=EPSTILJ)-EC(Y)
KCRNER=Q
FYLDI=CAPPA
DUML=SQRT( A12S)
GC YO 64
oC 43 J=1 [ 3
EPSPI(JII=EPSTI(J)-(CAPPA%R{ 1.-2.%XNU) /1 3. %ALPHA%EMOD) )
EPSPI(4)=EPST 1(4)
S=CAPPA/ (3 .*%Ai.PHA)
DC 37 J=1,12
SIGE(J)=S
S1G1(4)=0.0
KCRNER=1
FYLDi=CAPPA
DO 38 Y14
EPSDI(J)=0.0D
RETURN
END

SUBROUT INE LGTH!E)

DIMENSION E(4),A(4)

DC 1 I=1,44

ATL)=ABSTELT))

B=AMAXL (ALY, A(2)9A(3)yA(4))
DC 2 I=1,4

E(I)=E(I)/B

RETURN

END

SUBROUT INE NCOJLINJIME, EPSTI,EPSTIL,EPSPIWEPSPI1,SIGI ,SIGIL,
1COHESN, FRCTN1ySNSWCH, FRCTN2, CRES 1D,
2FRESIDyMYTEL Do IRESIDy JTENSN, CMAT, ISTRES,
3IMSWYCHySBARy BLAMB, COSTH, S INTH,y Fy Gy
GSIGNELyNSWTCHsSIGNBT)

DIMENSTON CMAT{4, 41, EPSTI(4), EPSTIL(4),EPSPI(4),EPSPIL(4),
1 SIGI(4),SiGIl(4)

DIMENS YON Fl444)sGlay4)ySIGNTII4)ySIGNTL(4) ) SIGNBI(4) FPTNL (&),
1 EPTNIL(4)

MSWTCH=0 COMPUTE BLAMB ONLY

NSWTCH=1 COMPJTE FeGy AND SIGNIL ONLY

DC 1 I=1,4

DC 1 J=1y4

F 1,2)=0.0

Gt1,J1=0.0

FULyLP=COSTHRCUSTH

FU3,L)=SINTH%S INTH

Fle 1 V=SINTHECOSTH

F{242)=1.0

File3)=F(3,1)
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)

F(3,3)=F(1,51) ,

3 Fley3)=~F(4,1) ' ' .

] Flle@)=-2.%F(4,1) . - <

3 F(3,21==-F(1,4) | ‘ -
Flaea)sF(Lel)-F(3,1)

00 2 I=1,4
00 2 J=14%

2 GlLyd)=F(1,3) -
Glayl)==~Gl4,1) o = '
Gl%¢3V=2=Gl4,3Y : ,
Glle4)=-Gilya) - , ‘ C
G(3e4)=-G(3y4) . _ 3

DC 3 (=144 )
SIGNI1(1)=0.0 . : '
DG 3 J=Iy% =

3 SIGNIL(I)=STGNILL I)4F(T,0)%SIGI1(J)

IF(NSWTCH.EQ. 1) RETURN

k- DC & I=1,4 - . ,

EPTNIL(1)=0.D ; ‘ .
EPTNI (1)=0,0 ‘

DO & J=1,%
EPTNIL(E)=EPTNIL( 1) +G(Jy IDHEPSTILLY ). '

4 EPTNI (I}=EPTNI (I)4G(J, 1I*EPSTI (J)

3 DO 5 I=1.4 _ _ ,

;. SIGNBI{ 1)=STGNILL ) o

E DC 5 J=1,4 :

5 SIGNBITTISSTIGNBIT I)4TMAT! 1, J )%LEPTNI(JI-EPTNIT(J)) S

i
5 '

SBAR=SIGNBI(4)

iy Sl a3 a1

Z

TNPHI1=TAN(FR- “N1) . . , ' )
TNPHI2=TAN(FRCIN2) ‘ ,
E: - TAUNT=ABS(STGNBI{4)})
3 SNI=SIGNRI(3) : , g
4 - IF(MSWTC'. .EQ.1) GO TO 10
. IFASNI i o” «0 o ANDWJTENSNLEQ.O) GO ro 6
AUMER=T NT+SNI*TNPHI1
3 B DENOM= CCHESN :
3 IF (DENOM,GT.0.0) GO YO 7 ‘ . B , ,
1 IF (AUMER,GT.D.0) GO TO 6 '
i IF(FRCTNL.GT . FRCIN2) GO TO 50
RLAMB=D .0 ,
GaTL ?
i 4 BLAMB=1,0E+38
N GO T0 9
. 7 IF{AUMER.GTD.0) GO YO B ¢ .
"3 i AUMER=T AJNT+SNI*TNPHI2 !
IF{AUMER.GT 0.0} GO TQ 8 :
BLAMB=0.0 : ,
) GC TO 3
8 BLAMB= AUMER/ DENUM '
IF{FRCTNL.E( ,FRCTNZ} RETURN ' ‘ :
SIGFF=SNI/BL AMB , ‘
IF{SIGFF.GEL.SNSACH) RETURN
50 AUMER=TAJRKT+SNISTNPH]2
DENOM= CCHESN=-SNSWCH#, TNPHE - INPH!’)
BLAMB= AUMERS DENOM ,
IF(AUPMER.LE.D,0) BLAMBR=0.C ,
9 RETUNM ,
o : |
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! 10 1F(JTENSN.EQZ1) GO TO 100
' IFISNI.GEL0.D) GO YO 150
S G0 T0 105
X ‘ 100 (T (TNPHIT.TE.O.0 0 &0 101105 ,
, ‘ LF (SNIoLToCOHESN/TNPHIL) GO TO 105 .
IF(IRES ID.EQ.0) GO TU 160 ‘ )
COMESN=CRESTD ‘ ]
FRCTNL=FRESID ,
. ; , FRCTN2=FRES1D
] ‘ ¢co TO T8O - ;
E T 105 IF(MYIELD.EQoc1.AMC.IRESID.EQ.1) GO. T3 110 ‘ . 3
~ IF(SNI.LV.SNSACH) GO TO 120 ’ :
110 TAUNTB=COHESN~SNI¥TNPRI1
- 60 TQ 130 : .
120 TAUNTB=COHESN-SNSﬂCF*TNPHlI—(SNJ‘SVSHCH)*TNPHIZ : ,
S 130 IFITAUNTLLYSTAINTB) GO T0 170 - : .
2 {F(MYIELD.EQ.1) GO TO 140
" IF(IRESIDJEQ.0) GO TO 140
COHESN=CRESID
! FRCTNL=FRESID
FRCTN2=FRESID' ;
[F{FRESTD.GT.0.Y GO TO 132

Y

PRI )

L [F(SNI.GE.0.0) GO TO 150 , : S
: G0 TO 135 o .
1 132 IF(SNI.LT.COHESN/TANU FRESID)) GO T3 135

- GC TO 160 C \

f 135 TAUNTB=COHESN = SNI*TAN(FRESID)
140 SIGNI(4)=$TGNBIL4)*TAUNTHB/TAUNT i
i SIGNI(3)=SIGNBI(3) _ y : i
‘ SIGNI(2)=STIGNBI(2) ' i
: SIGNI{1)=SIGNBI(1} '
- MYIELD=1 -
' ge To 15 !
. 150 SIGNI{4)=0.0
- SIGNI(3)=0.0 )
3 SIGNI(2)=SIGNBI(2)
3 - SIGNI(1)=S IGNBI( 1)

PEAPPOTSI THPPE LU RIS

. 1
- : MY 1ELD=1 :
GO 7O 15 s ;
. 160 SIGNI1Z)=07D 3 ]
’ STGNJ (3)=CCHESN/TAN(FRCTNL) : ]

STGNI{2)=SIGNBI{2)
SIGNI(1)=SIGNBI{L) "
- MYIELD=1
GC TO 15 ‘ :
’ 170 DC 180 I=l.6 ° ° . ,
1 - 180 SIGNI(LI=SIGNBICI)

et et v B A kot s AN et rdid o

15 00 16 [=l.4

SIGLL1)=0,0:

DO 15 J=l+4 . . ‘
16 SIG“I)=$[GI‘(”+G( 1,J 1#STCNILID

[F(I3TRES.EQ.2) GU TO L7

XNU=CMAT (193 )1/ (CMAT (1, 1) +CMATI 14 3))

. EBAR=CMAT (14 11/ ( 1.—~XNU) .

R EMOD= EBAR®{L o +XNU I ¥( 1 a=2*XNU) ‘

X . GO TO 1§ 7 o T o

‘ 17 XNU=CMAT{1,3)/CMAT(], 1) ‘
v EMOD=CMAT { Iy 11%( 1 «~XNUXNU)
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18 EPSPI(1)=(SIGI{1)-XNU*{SICI(2)+SIGI(3)))/EMOD
EPSPI(2)=(STGCU(2)-XNJ*{SICI(3)+SIGI(1)))/EMUD
EPSPI(3)=(SIGI(3)-XNU*(SIGI{1)+SIGI(2)})/EMQD
EPSPI(4V=SSIGI(4)/CMAT( 4, 4)
DC 19 [=1,4

13 EPSPI(II=EPSTI(I)-EPSPI(I)

RETURN
END

[aXaNel

OVERLAY{MOHAN, 14,0 )
PROGRAM LNK3

COMMON "WAXNP; MXCL Sy MXADJP ¢ MXZONE ¢ MXNPB o NZONE Sy MXPELB o NUMNP »

1} NUMEL , ISTRESyNUMPEL 9 NUMELP yPEITODWNMKCL S»FACTUR,ALAMB,
2 KTAPEy KRUNy IPRINToNUMST MXSTRTyFUZ(239),

3 IPELYP, INT,NPRCDS, IMPR X

COMMON/ A/ U(1600)9W(1600),NPIUT(8C)yNMPCLS(80)9FNU(350),
1~ FNWT3I5D) T i ’ )

DIMENS ICN STNPJ(4y350)y STNPW( 4y 350), STADU(4,435C48),
ISTADK(4,350,8)yNADIJNPT350),NADJELL350),NPADJI(350,8]

DIMENS ION ITYPE(350), SHETA(350)y XMASS(35C), >3PLU{350) , SNPUW(350) ,
ISNPWW(350) ,FAUT350 1, FANT 350 ), SADUUT 350, €) 4 SADUW(350, 8]
2SADWW(352,8)

DIMENSTON NPTNU1600), COM{16)ySIG(350+4),EPST(24,44),EFFECTI24),
1SIGPL{35344),SIGMX(350),SIGMN( 350}, THETA( 35001, NOOFEL 24},
2NP (2694 ) 9oEPSP(2644)9Cl249404)ySIGMAP{4)EPSE(4) ¢ SIGMA {4)
C A SLE
EQUIVALENCE (SIGMX, FNU )y {STGYUNy FNW) o (MAXNP ,COM(1))

EQUIVALENCE (STNPUL L)y ITYPE ), {STNPU{ 351}, SHETA) o { STNPU(TOL) »XMASS)
Lo (STNPULL1021 ) 9 SNPUJ Yo (STNPWU L )y SNPUW)» ( STNPR{351) ySNPWh) ,
2(STNPW(TOL)e FAU)y (STNPA{ 1051)y FAW), { STACU( 1) SADUU},
3(STADUTZBO1) ySADUW],{STADU( 5601}y SADWW)

FQUIVALENCE(FUZ( 1)y NUOFEL )y ( FUZE 2519 NP )9 (FUZ(121) 4EPSP)

MOHAN= 5 HHOHAN
PI=3.1415927
ISWTCH=0
IF(TRIMRP.TE.MXNPBTANDINUMPEL .EQ.0)) ISWTCH=1
REWIND 10
REWIND INY
REWIND 1
CAORERRBRLRRERRRRAR KRR R AR KA R E AR RRR AR E R KR SRR AR KA KRR KA R KR SR E &
IF{iMPBX.NE.1} GO TO 1
REWIND™I5 =~
READ(i5)DUMMY  DIMMY ¢ ( CIMMY L, DUMMY 2o 1= 1,NUMNP ) o (DUMMYL ,DUMMY? ,
LDUMMY3 , DUMMY &, DJMMY Sy 1= 1,NUMEL }
Coxbbekndbkk bbbk dbpbhhk bbbk bbbk Ik kb kbks bk ekt kb b kk bk hek gk kR e LRt
1 READ{LO) NLyNZ2yN3 N4y NSyM6, N 7o INADINP (1141 TYPE(T) 4SHETALL)
LXMASS (1) gSNPIJCT) o SNPUAL I)y SNPWWI 1)y FAULT) FAWLT) ,
2 INPADJITT s J)7SADUJTI,J )y SACUWI Ty J ) SADHW (T4 J3oJ=1,MXADJP) 41 =1 4T}
IF (Ne.LT.NUMNP) GO TO 1
READ(LO) (NPTN(I), I=1yNUMNP)

e
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IC=1

2 READ(10) NPLOAyNPHIGHy NPOUTL IC) s NUMCP ¢NSyNMPCLSCIC) ¢NT7y INADJINPLL)
1 NADJEL(I) o (NPADI( L4 )eJd=1eMXADIP )y (STNPULK y1) ySTNPWI(K,yI),
2K=194) o L{STADJ(Ky InJ) o STACW(Ky [9J)9K=194)yJ=19yMXADJIP) 4I=1,NT)
IFIISWTCH.EQ.L1) GO TO 30
WRITE(1) NPLOAYNPHIGHyNPOUT( IC)yNUMCP ¢NS,NMPCLS(IC) ¢NT7¢ (NADJINP(I),
1 NADJEL(I) o (NPADJ( 19 09 I=1eMXADIP Jo {STNPU(K I ) ;STNPW(KoI)
2K=194) g L{STARJ(Ky Iy J) s STACW(Ky I9J)9K=1y4)yJ=13MXADJIP) o1 =1 ,NT7)
IC=1C+1 ~ ~
IF(NUMCP.LT.NUMNP) GO TO 2
30 REWIND 1D
REWIND 1
READ{UINT)(COM( 1)y I=1y 16)

[F{IPELTP.EQ.12) [DUTAP=3
IF{IPELTP.EQ. 3) I0OUTAP=12
WRITE(643) TOUTAP
3 FORMAT (1H1:26HUJTPUT HISTORY TAPE IS ND«.»[5/7/)

REWIND l0UTAP
WRITEULICUTAP) (COMUT )y 1219 16)yNPRCOSHINPIN(TI )y =1,NUMNP)

NPRCDS=NPRCDS +1
DC 100 IPRCDS=1yNPRCCS

0C 200 1I=1,NUMNP
READ(INY) UBAR,dBAR
IF(IPRCLS.GTL.1) GO TO 201
U(I)=yBAR
W{I)=WBAR
GC TG 200

201 ufl)=Ul{l)+UBAR
WEI)=W(T)+WBAR

200 CCNTINUE

DO 101 ICLUS=1,NMKCLS

DC 4 I=1,MXNPB
DO & J=1,44
4 SIGPL(1,4J)=0.0

IF(IPRCES.GT.1) GO TO 104
WRITE(6425)

25 FORMAT {1H1416HELAST IC SOLUTION//)
IF(NUMPEL .EQ.0) GO TO 102
GO TO 106

104 NUM=IPRCDS-1
WRITE(645) NUM
5 FORMAT (1H1922HPLAST IC INCREMENT ND.=,15//)

106 CONTINUE
NUM=NMPCLS(ICLUS )
IF(NUM,EQ.0) GO TG 102
DO 6 1I=1,NUM

READ({INT YNUMELB, (INCOFEL( I)y EFFECTIINoINPLTLJU)HyEPSTII 43) ,EPSPII 4J)
l(C‘['J'K)'K=194,'J=lo4)o I=1,NUMELB)
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V37 A-100

DC 7 I=1yNUMELS
DC 32 J=1,y4
32 EPSELJ)I=EPST(I,J)-EPSPI{1,J)
D033 J=T,4
SIGMA(J)=0.)
0033K=1,4
33 SIGMA(J)=SIGMA(J)+C(I,J,K)*EPSE(K)

BC 8 J=1ly4
SIGMAPTJT=0.D - )
DC B K=1ly4
8 SIGMAP({J)=SIGMAP(J)+Cl Iy JsKI%XEPSP(I,X)
0C 9 J=1,4
NCDE=NP(1,J)
IF(NODE.EQ.0) GO TO 9
NPR= NCDE=NFOJT(TCLOST
DC 10 K=144
SIGPLINPRyK)=SIGPLINPRyK )4SIGMAP(K)
CONTINUE -
CONTINUE
CONT INVE
WRITET6,36Y "
36 FORMAT (1HO,L15HNODE POINT CATA//)
102 IF(ISWTCH.EQ.1) GO TO 103
READ(1) NPLON ¢NPHIGHy N3y NUMCPyNS,N6, NUMNPB 4 (INADINP (I ),
INADJEL(I) o (NPADI(I9J)yJ=1yMXADIP )4 { STNPUIK 1)y STNPW{K,I),
2K=194) g LESTADU(Ky ToJ) o STACW(Ky I9J)eK=194)yJ=19yMXADJIP) »1=1,NUMNPB)

o~ oOoC

NLOW=NPLON~NPQUT ( ICLUS)
NHGH=NPHIGH~NPOJT ( ICLUS)
DO 11 I=NLCW,NHGH
DUM=NADJEL(T)
D0 11 J=1+4

11 SIGPL{T,J¥=SIGPL{I,J4)/0UM

10 CCNTINUE
WNLOW=NPLOW-NPOJT ( ICLUS)
NHGH=NPHIGH-NPOJT { ICLULS)
D0 12 I=NLOW4 s NHGH
NC=T+#NPOUT(TCLUS)
NUM=NADJNP(T)
D0 13 J=l,4
SIGUYJI=STNPU{JI I)RUINO)ASTNPWI U, TIEWIND )
DC 14 K=1,y,NJM
NODE=NPADJ(I,K)

14 SIGIT,JY=STGII,J)+STADU(Jy I,KX }RUINDDE)+STADW(J,1+K)*W(NQDE)
SIG(19J)=SIGIIyJ)-SIGPLII,J)

13 CCNTINVE
DUMI=TSTIGII,1)J-8IGl1,3))/2.
DUM2=DUMI*DIML4S IGl Iy 4)*SIG{ 1y 4)
IFIDUM2.GT. 0.0) 60 TO 15
RADIUS=E0,0 ~ i
GO TO 16

15 RADIUS=SQRT(DJM2)

16 DUMI=(SIGIT,1)+S1IGI T, 3))/ 2.
SIGMX(I)=DUM3+RADIUS
SIGMN(I)=DUM3~-RADIUS
IF(DUM1.GE.D.0) GO TO 17
THE= AT AN(S IGU [y4)/(-DUM1}))
THE=(PI~-THE}/ 2.
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A-101
;-
GC TO 20 ' 34
17 IF(DUML.GT.2.0) GO TO 19
IF(SIG(1,4).EQ.0.0) GO TO 18
THE=PL/4,
GO TO 20
18 THE=0.0
GC TO 20
19 THE=0.5%ATAN(SIG( 1,4)/0UM1)
20 THETA(I)=THE*180./P1
12 CONTTNUE =
WRITE(6,21)
21 FCRMAT (10H NEW NOCE, 10X, €FU ( IN), 12X, LZHSIGMAR (PSI) ,8X,
112HSIGMAZ (PST),8X, 12FSTGMX (PSI)y9Xy LIHTHETA (DEG) /
210H OLD NCDE, 10Xs6FW ( IN), 12X, 12HSIGMAT (PSI) +8X,12HTAU (PSI),
38X,12HSIGMN (PST)//)
00" 22" T=NL W , NHGH
NPNEW=1+NPCUT { 1CLUS)
NPOLD= NPT N{NPNEM )
CHEERRRESRERERRREEE R E R KRR ER R URR R R KRR R KR E KR KRR AR KRR KSR R KR SR LR Y

IF(IMPBX.EC.LINRITE(LSINPOL Dy UINPNEW) s WINPNEW)
R T T X Y YLl
22 WRITE(5423) NPNEW UINPNEW))SIG( I, 1)9SIG(I,3},SIGMX(I),THETALI) ,
1 NPOLODyW(NPNEW )y SIGL I92) 9 SIG(Iy4)ySIGMN(T)

23 FCRMAT (173X 1PSE20.57/17y3Xy IP4E20.5/7)
NMRCDS =NHGH~NLOA +1

101 CCNVTINUE
REWIND 1

100 CONTINUE
REWIND I0JUTAP
REWIND INT
REWIND 1
RETURN
END

At
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APPENDIX B -~ INTERPOLATION CODE FOR DETERMINING

MPBX DISPLACEMENTS

B.l - Code Description

This code determines the displacement of desired points along
multiple position borehole extensometers (MPBX) by interpolatiing
between node point displacements determined in the static SLAM
finite element code. The code is written entirely in FORTRAN IV
and consists of a main program, and five subroutines.

The code accepts either punched card input, which is read via
tape 5, or input stored on magnetic tape, read as tape 1, output
of the static SLAM code. Output is printed via tape €. The code is
presently operational on the CDC 6500, using the Purdue MACE

operating system.

B.2 - Data Deck Setup

The following description of the data deck setup assumes that,
in genersal, all numbers are right-oriented in their fields. Inclusion
of the decimal point in floating point (real) numbers overrides the

right-orientation requirement. Integer data are entered in 5-column

fields while gll floating pcint data are entered in 10-column fields.

o

JOA WP




5.1 NUME, NPI, NPJ, NPK, NPL
NUME = Element Number

NPI to NPL = Node numbers at vertices of rectangular
element. NPI may be any node, hut NPJ,
NPK, NPL must be given in clockwise order
around element starting from NPI. If NPL =0,
element is considered to be a triangle.

Note: Card 5.1 repeated NUMEL times if ITAPE = 0; card is
omitted if ITAPE = 1,

B-2
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CARD VARIABLE FORMAT
1.1 ANAME (18Ak)
ANAME = Problem descriptor to be printed as output,
up to 72 characters.
2.1  ITAPE (15)
ITAPE = Counter to indicate whether node point and
element input is to be on punched cards or
magnetic tape.
= 0, Node point and el~-ment input data are on
punched cards.
= 1, Node point and element input data are on
magnetic tape.
3.1  NUMNP, NUMEL (215)
NUMNP = Number of node points (< 1600)
NUMEL = Number of elements
Note: Card 3.1 omitted if ITAPE = 1.
4.1 NPNUM, R, 2, U, V (15,°F10.3,
2E10.h)
NPNUM = Node point number
R = Radial (horizontal) coordinste (ft) of node point
yA = Vertical coordinate (ft) of node point
u = Horizontal displacement (inches) of node point
(positive to right)
v = Vertical displacement (inches) of node point
(positive down).
Note: Card 4.1 Repeated NUMNP times if ITAPE = 0; card is
omitted if ITAPE = 1
(519)
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CARD  VARIABLE FORMAT g
6.1  NBX (15) i
NBX = Number of MPBX lines considered.
6.2  NMPBX, PBX (1), PBX (2), PBX (3), PBX (k) ' (15,4F10.2) /|
NMPBX = MPBX identificaticn number ' i
. !
PBX (1) = Radial (horizontal) coordinate (ft) of ' ‘ .
leftmost end of MPBX. If MPBX is vertical, i
this is the coordinate for the lower end. 4
PBX (2) = Vertical coordinate (ft) of leftmost . §
end of MPBX. : i
PBX (3) = Radial (horizontal) coordinate (ft) of ' ]
rightmost end of MPBX. i
]
PBX (k) = Vertical coordinate (ft) of 1
rightmost end of MPBX. -3
Note: Card 6.2 repeated NBX times. , Y

B.3 -~ Outputb
The output for each MPBX considered gives the MPBX identification number,

coordinates of the end points, and displacements parallel to the MPBX line of

points on the lire. Displacements are determined for each point on the MPBX

lice where it intersects a line Joining two adjacent node points.
Displacements along the MPBX line are defined to be positive if they

occur in the direction from the leftmost end point toward the righ?most

end point (irrespective of which end courresponds to the tunnel face). When

the MPBX is verticel positive displacement corresponds to movement from the

lower end point toward the higher end point.
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B.4 - Listing of Code

PRCGRAM WHPLINPUT ,OUTPUT,, TAPES=INPUT, TAPEE=ULTPUT,TAPI])
CINMENSICN FBX{1095),NP( 1600, 10)sRELECTIZLLECC),
s LULL600),V(1600), NACNP(16CC)
; WRITE(6,51 T
Y. S FCRMAT (#1 DISPLACEMENTS ALONG MPBX L INES* ¢/
: LANCTE--CISFLACEMENTS ARE MEASURED PUSITIVE IF IN %/
2%CIRECT ICNFRCM LEFTMCST ENDPOINT TO RIGH MUST ENDPOINT. %/
L 3%IF MPBX IS VERTICAL,POSTTIVE DI PLACEMENT */
I 4*%1S MEASURED IN UIRECTION FRUM LOWEST TO HIGHEST POIWT#)
E ‘500 READ(S,&)VANAPE ;
1 6 FCRMAT(1RA4) ‘ :
WRITE(696) ANAME 3
READ(S 47V ITAPE
| IFUITAPELFC. L) GU TO 1000 3
READ (5, 7INUMNP, NUMEL ;
77 FCRMAT(3T5) ) 3
3 , C READ ININOCE FLINT CATA INCIMCING CISPLACEMENT 3
y - READ(S 81 (APNUMy RINPN )y 2 {NPH )y UCNPN )y VINPN ) X
: LAPN=1 4 AUNMNF) ‘ g
- “GC TC 101
SR 1000 REWIND 1 ' ;
: ‘ . READCLINURNP, TRUT )y ZC 1)y 1210 NUMNP }, NUMFL
L 8 FCRMAT(15,2F1043,2E10.4) 3
‘ C READ IN FLFMENT T[ATA i
C REAC IN SUPBRCUTINE ‘
1010 CALL GETNP(NJIMNPyNUMELy NACNP, NP, [TAPE) :
IF (ITAPE.FEC.0) GO TO lo2c }
READ (1) (LyulCD) VI T, 0=1,NUNMNP) _
1020 CC 1015 I=1,NUMNP
Ztn=-z141) ;
1015 vil)=-v(I]) ’
READ(5,7) ABX
CC 400 IKX=1,NBX .
C  MPBX INPUT-- LFFTMNST ENCPOTNT RLAC FIRST
READ (S 9INNPEX, (PEX( TEX,y T)y [2]y4) ]
9 FCRMAT (1544 F1U.2)
wn(rc(b.lo)mvnux.(pvx(qu.la.!-l.q)
10 FCRMAT (//% MPBX NQO. = %*14%, FND POINTS ~ RLEFT = ¢
1F8e2 0%y (LLFET = #FR 2/3IXHRAIGHT = ¥FE,2%, ZIRISHT = %#FH.2/)
WRITE(6,12)
12 FCRMAT (5X ¢ #R=CUINRL+ ¥9Xy ¥2=CUURL «%¥5X s 4D I SPLACMT . (INS) % /)
PBX(IBX92)==PHX{ 18Xy 2)
PBX{IBXsa)==PBX{ [BXy4)
C CHECK IF MPHX 1S VfRTlCAl
IF(ABS(FBX(IBX'I)-PBX(IHX 21)1.GTa0aCl) 6N T 2C
PBX(TBX151=99999.0
GC TC 25
L CALCULATE SLCPF OF MPBX
20 . PBXCIRX5)=(PHXLERX 4 )=PBXLEBKy 201/ (PBXUIS Xy 3)-PBX(18 X
1:.1)) :
IFEPUX{TBX 95 ) e€Qe00IPBX( IBXy 4)=PuX{ IBXy4)+C.CC1
25 CALL MAXTPEX (1BXy 21, PEX( IEX, L)y PUXLTUXy4),PBX{IBX,3),
LFBXTQP, PBXENT ( RINTER, IXCOCE )
CC 200 APN=1,NUMNP
IFINAONFINFNI L EQ.O) GO T 200
NADJP=NACNP(NPN)
: CC 300 1AP=1,NADJP
C CHECK TF NCCFE LINC HAS BEEN USHD
TEENPINEN, TAP)=NDN) 500, 3C0, 30
30 1 NPADJ=NP(NPN, [AP)

)
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3 B-5
; C CHECK IF NCDE LINE 1S VERTICAL
. TF(ABS {R{NPN) =RINPACI ) GTL0.01) GO TO 4L
. SLLPNP=39999 .0
: SC TC 50
E C CALCULAYE SLGPF NF NOCF POINT L INK
E 40 SLCPNP={ZINPACI) =ZINPN))/LRAINPADI )-RINPN) )
1 C CHECK FUR MPBX PARALLFL TO NOCt PT. LINF
: 50 IF(ABS(SLOPNP-PEX{TEX,5))LTL0.C1) GY TO 2CC
IFISLOPAPJANF 4939.0) G T 85
RINTER=R(NPN) )
LFARINTFRJLT o PBX( IBXy 1) DR RINTER JGTLPHX(TBXy3))
: 1GC Tu 300
3 CALL MAXUZINPN)yRINPN),7(NPADJIZRINPADJ )2 TUP 4 ZBOT,REC
1Ty NPCCCF)
ZINTER=FBX(IDX2)4PPX{ IBX, 5 )% (R INTER-PHX( K Xy1))
3 TFTZINTER AT LZBUT JORVZINTER LGTLZTOP ) GO TO 3(C
) GC TC (60,70),NPCOCF
1 60 AT CP=NPA
NBCT=NPALY
GC TC 80
3 70 NTCP=NPACJ
: NRCT=NPN™ 7 7
. ‘80 CALL INTFRE(ZBOTZZTOP, 7 INTFRyPEXIIBXyS)UINBOT) yv(NBOT
1) 2yUINTGP),VINTUP), CISPL )
6GC TG 350
85 CALL MAX(RINPN)¢Z (NPN )y RINDAUI )y 2{NPADI }yRRIGH TRLEF T,
LZLEFT yNPCLLCT)
IF{PBX{ILX,5)cEQ.99699,0) CO3 T 90
RINTER= (PPX( [ aXy 2 )=/ L EFTHSLUPNPHRLFEFT=-PHALIB X, S)%PHX(§ |
- 1BXy1))/ (SLOPNP-PEX( 18X, 5)) ;
3 IF(RINTRRLLT o PBX I IBX, 1) NRAINTERGTPBX(IBX,3)) GUTU 3C0O
3 90 IF(RINTERLLT GRLEFTLNRLRINTERLGTJRRIGHTIGD 10 3(CCQ
&y ZINTER=ZLEFT+SLOPNP*( RINTER-RLEFT)
-9 TFUZINTERLLY o PBXBOT ORLZ INTERLGTLPRKTOP) GU TO 3CC :
3 GC TG (100+110),NPCCCE '
§ 100 NLEFT=NPACJ :
3 NRIGHT =APN
8 GC TC 120
W, 110 NLEFT=APN
"3 NRIGUT =NPATY
s 120 CALL INTFRFPURLEFT ARICHTyRINTHFR,PBXEIBXS5) o LINLFFT) v I ;
4 LALEFT ) JUINRIGHT )y VINRIGHT )y 2150L ) 3
3 350 ZINTER=-7INTER ;
; WRITE(64913) RINTER,/ZINTER, CI%PL 3
3 13 FCRMAT (3X,FB . 249XyFBe2, 9% E12.4) §
'3 300 CCNTINJUF ;
{ 200 CCNTINUF
400 CCNTINUE ;
STGP ;
END
C . ;
C - 3
c ;
SUBROUT INF GFTNPINGMND, NUMELy NADJNP (NPADJ, [ TAPE) }
DIMENSICN APALJL 1600, 10),NACINP(160C) :
! MXADSP=3 1
u C 3
E 0C 57 1=1,RUPNP T :
NBDINP(T1)=0 ) 4
CC 5 J=1,MXALYP 63 é
o ™ . g i '-wmud




6
7
C
4
C
C
C
C
C
CHokx
C
C
C
C
c
C
C
C
C
C
9
5
i
c
3
2
102
C

APACJ(1,4)=)

LC 7 M=1,NU¥EL
IFUITAPELEGL L) GO TU 6

READ(S ¢ 4)NUNME g NP [, NPJy NPK o IPL

GC TU 7

READ(L) NUNE,NPI,NPJ, NPK,yNPL

CALL ADJUNP{NJIMNP, NPACI s NUME,ND [, NPJ o NPK NPL )

CALL VATINPTNACING, NUMNP,NPADYS)
FCRMAT (515)
RETURN

ENC

SUBRUUT INE AUJINPINUMNP,NPALY, NUME,
LNPLyNPJ,NPK,NPL)
CIMENS TCN NPABJL L1600, LOYyNMALA)

FCRM TARLE NF ACJACENT NNCAL PUINTS

MXALJP=NAX. NO. UF ALCIJACENMT NUOCAL PUINTS ALLUWED
ANUNMNP =NC. OF NGLE PIVINTS

NPADJ =ACIACENT NULF PUINT NUMBER

NP =ELENFNT NUCE POINT
NPJ  SELENMFRT NOCE PUINT J

NPK  =FLEVMENT NUCE POINT K

NPL  =ELEVMFRT NUCE PCINT Ly IF = 0 4 TRIAN FLEMFNT

NUVME sFELENME'T JUMBFR BFINC CONSIDERED
NCTE~ TABLE ASSUMELD TC HE ALRFARY ZEQED OLT

MXADJP=H
NA(L)=NP]
NA(2)=NFJ
NA(3)=NFPK
NA(4)=NFL
ICCUNT=1
APNUM=NALL)
MX=NA(2)
JCCUNT =1

CC 1 I=1,MXALJP
J=1
IFINPARJINPAUM, 1) FO.MX) CU T 2

IF(NPACJINPAIM, [).EC.O) €D TD 2

CCNTINGE oo T

WRITE (A+101) NUME,NPNUMyMX, (NPADIJINPNLM, 1)y =1,NMXA0D JP)
CALL EXIT

NPADJINPNUYNM, G Y=ML
JCCUNT = JCCUNT +1
[TFLJCOUNT LCT L3) G 10 4
IF(JLCUNTLCT L2 G TY 1072
PX=NAL3)

IFINPLEGCS O ) GD 11Y S
MX=NAl4 )

GC TL 5

4 GC TC (6:7435103), ICOUNT

ICCUNT=2
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NA(1)=NPJ
NA(2)=NPK
NA (3 )=NPIL
NA {4 =NFI
GC TU 9

7 ICCUNT=13
KA {2 )=NFPL
NA(3)=NPI
NALL )= NFK™
NA{G)=NPJ

RALaSatdadh S0 ROl Lol

ICOUNT =4

NA(L)=NFL

T IFINPLUECS D Y 6N TC 103 T ' T
NA{2)=NPI

NA (3 }=NPJ

NA (4 )=NFR

GC TL 9

AT I, ET RO
[oF]

101 FCRMAT (Q3RERROR [N FORMINC ADJACENT NODAL POINT ARRAY/
121H FLEVENT NUMBER =y 15/ 19ENUDE POINT NULMBER =415/
217TH ADJA NCCE POINT =y 1577195k NPADJINPNUM, [} /7(21X,15))

1 103 RETURN

END

SURRGUT INF V ADJNP (NACJNPy NUMNP, NPAD )
DIMENS ICN NACJNP( 1600 )y NPACIL 1ECC, 1CY

[pXaN el
R "

*%%x FCRM VECTCR INCICAT INC THE NUMBER OF ADJACENT NODE POINTS
AT EACH NCCF POINT

MXADJP=NAX. NO. (OF ACJACFENT NUBE PDINTS ALLOWED
NADJNP=NC. CF ARJACENT NOCE POINTS AT FACH RODE POINT
NUMNP =NC. NF NDDE POINTS
N NPADJY =ACJACENT NOCF PGINT NUMHBER
< MXAD JP=8
BC 12 M=1,NIMNP
CC 10 [=1,MXCACUP
=1
IF INPACJIN, 1).EQ0.0) CO TO 1)
10 CCNTINUE
NADJNP(NMYI=MXALJP
6C TG 12
11 NADUNP(NM)=J-}
3 12 CCNTINUE
7 RETURN  ~ -
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SUBRIUTINE MAXTATy 1y A2, 829 AMAX, AMIN,BM NN
IF(AL-A2)10,20,20
10 AN AX= A2
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AN [N= AL
- BVMIN=B1
. § h=2 B . )
1 " RETURN ™
20 AMAX=Al
: 3 AV IN= A2
. § BMIN=B2
£ N=1
RETURN o ~ N ) )
T END
1 C
g c ,
’ c e e
B! SUBRGCUT INE INTERP({AMING AMAX, AINTFRy SLOPE,UMIN, VMIN,UMA
: iXyVMAX CISPL) o ‘
3 TETEBS (ANFTA=AMAY ) .CT.CLOL) GO T 20
3 FACTCR=0.0
{ GC TC 130
] 20 FACTCOR= (AIATFR=AMIN)/( AMAX-AM IN )
: 30 UINTER=SUNMIN+FACTORE(UMAX=UMN)
3 VINTER=VNMIN + FACTOR¥(VMAX=VMIN)
E ) ARNGLE= ATANTSLOPEY )
2 DISPL=UINTER#CO3 ! ANCLE) 4V INTER®S IN{ANGLE)
v RETURN
£ END )
4 i 7
3 e e - i
5
A |

g
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